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(54) Proce*© for producing porous coating layer, electrode plate for secondary battery with 
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(57) A porous coating layer formed on a substrate 
is imprecated wilh liquid material having a larger co- 
hesion after solidification iTier eof than that of the coaling 
layer based on a prescribed pattern. The liquid material 
is solidified to form a solidified maiertal. Then, a portion 
of the coatinci layer, which has been impregnated with 



the solidified material is peeled to expose partially Ihe 
surface ol the substrate on the basis of the prescribed 
pattern, thereby producing the porous coating layer hav- 
ing the prescribed pattern. An electrode plate for a sec- 
ondary battery wilh a nonaqueous electrolyte can be 
produced by utilizing the above-mentioned production 
process. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a process for pro- 
ducing a porous coaling layer, especially a po/ouS coal- 
ing layer having a prescribed pallem, which is suitable 
for an active material tayer of an electrode plate for a 
secondary battery wllh a nonaqueous electrolyte; a 
process for producing an electrode plate tor a secondary 
ballory with a nonaqueous olectrolyle, in which the 
above-mentioned process for producing the porous 
coating layer is utilized; the electrode plate for a sec- 
ondary ballery with a nonaqueous electrolyte obtained 
by the above-mention ad process, and a'sheet for peel- 
ing an active material layer, especially a sheet for peel- 
ing an active material layer used m the above-men- 
tioned process for producing the electrode plate for a 
secondary battery with a nonaqueous electrolyte. 

Description of the Related Art 

In recent years, reduction in size and weight of elec- 
tronic equipment and communication equipment has 
rapidly been advanced. This advance has also required 
reduction in si2e and weight of batteries used as a driv- 
ing power source lor these equipment As a result, there 
has been pro|x>sed commercialization of secondary 
naileries with a nonaqueous electrolyte in which lithium 
Ion secondary batteries having nigh voltage and high 
energy density were exemplified as an typical example, 
in replacement of conventional alkaline batteries. 

fig 22 shows a structure of a cyhndiical ©hapo- 
hUiiurTi ion secondary battery as generally used The cy- 
lindrical shape-lithium ion secondary batte»y 34 as gen- 
erally used haa an external; appearance given by a me- 
tallic column. The battery 34 has a positive electrode 35 
at it© one end. and a negative electrode 38 at its another 
end. The battery 34 has an insido structure in which a 
positive electrode plate 37 generally made of lithium 
compound such as LiCo0 2 , a negative electrode plale 
38 made of caibonaceous material and a separator 39 
arranged between the positive electrode plato 37 and 
the negative electrode plate 38 for preventing a 6hort 
circuit ol Ihemare wound in a piled upstate. The battery 
is filled with a nonaqueous ©Ieclrolyte40 as an electro- 
lyte, which is obtained by dissolving lithium salts into an 
organic solvent since lithium contained in the positive 
electrode plate 37 has a character of reacting wdh water 
Terminals for introducing an electric curreni (i.e., a pos- 
itive cable terminal 41 and a negative cable terminal 42) 
are connected to the above-menlioned electrode. 

Regarding an electrode plate which has a great in- 
fluence on the performance of the secondary batteries 
with a nonaqueous electrolyte, methods for Increasing 
the area of the electrode plate which Is wound in the 
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battery, by reducing Ihe thickness of the electrode in or- 
der to prolong the charge^discharge cycle lite and to in- 
crease the energy density For example, Japanese Pat- 
ent LaidOpen Nos. 1 0456/1 986 and 286262/1991 dis- 
5 close a process for producing a positive electrode plate, 
which comprises the steps of: dispersing and dissolving 
an active material powder for a positive electrode plate, 
which comprises metallic oxides, sulfides, halides and 
Iho like, conductive agents and a binder into a suitable 
ro wetting agent (hereinafter refei rod to as the "solvent") 
to prepare an active malarial coating composition in the 
Corm of paste, and applying the above-mentioned active 
material coating composition on the surface of a collec- 
tor as a substrate, made of a metaUio foil lo prepare an 
is aclive material layer for a positive eleclrode plate (here- 
inafter referred to as the "positive eleclrode coating lay- 
er"). An active material layer for a negative eleclrode 
plate obtained by applying the above-mentioned active 
material coating composition on the substrate is herein- 
20 after referred lo as the "negative electrode coating lay- 
er" Both of the positive and negative electrode coating 
layers are simply referred to as the "coaling layer - . In 
the preparation of such a positive electrode plat© ihere 
is used as a blndei. fluororesine such as polyvinyl id ene 
ss fluoride; silicone-acryiic copolymer; styrene-butadiene 
copolymer, and the like. 

a negative eleclrode plate can be obtained by add- 
ing a binder and a suitable wetting agent (i.e., a solvent) 
to an active matenal such as carbon for a negative elec- 
ta trode plate to prepare an active material coating com* 
positron in the form ol paste, and applying the thus pro- 
pared aclrve material coating composition to a collector 
made ol a metallic foil. 

The binder for preparing the active material coating 
as composition tor the above-described coating type elec- 
lrode plate is required to be chemically stable against 
the nonaqueous electrolyte, insoluble in the electrolyte, 
and soluble in a certain solvent to be able to be applied 
to the surface of the substrate in the form of thin film. 
40 The coating layer obtained by applying the coating com- 
position, and drying samo is required to be so flexible 
that there ie no occurronce of peeling, chipping and 
cracks in the coating layer during the assembling step 
of the ballery, and to be excellent in adhesivity to the 
4S collector mado of a metallic toil. 

The existence of the active material and the coating 
layer is unfavorable lor a certain portion of the above- 
menlioned electrode plate, for example, for a portion to 
which a terminal for introducing an eteclric current Is 
so connected, and for a portion along which the electrode 
plale is subjected to a cutting work. Accordingly, the 
electrode plale has non-coaled portions on the basis ol 
a prescribed pattern determined when making a plan foi 
a battery. PIG. 5 is a plan view of the electrode plate. 
#> There are formed non-coated portions, I.e., peeled por- 
tions 6 lo which cable terminals are connected, between 
the coating layers 2. FIG. 23 is a plan view of a original 
sheet for a plurality of eleclrode plates. The original 
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6heeT has longitudinal non -coaled portions along the 
both longitudinal edges of the original shcel and lateral 
non-coated portions 4 which cross the above -men- 
tioned longitudinal non-coaled portions at right angles. 

As a process for tormmg a pattern oT the non-coated s 
portion, there have been a process of mechanically con- 
trolling a coating head during applying the coating com- 
pos ii ion Tor an electrode plaio onto the collector, to di- 
rectly form each pattorn of the coated portion (i.e. , a por- 
tion in which the coaling layer exists) and the non -coat- io 
ed portion, and another process of peeling the pre- 
scribed portion of the coating layer prepared by applying 
the coating composition for tho electrode plate onto The 
collector and drying same, by means of a mechanical 
means, for example, a spatula or the like, to form the « 
non-coated portion. 

However the process of mechanically controlling 
the coating head has a problem of insufficient mechan- 
ical accuracy, thus making it hard to form a prescribed 
pattern at a high velocity while maintaining a proper ^ 
measurement accuracy of the partem, and loading to 
non-unifoxm thickness ol the coating layer. The process 
of partially peeling the dried coating layer requires a long 
period of time for tho peeling, and has problems that a 
proper measurement accuracy of the pallern cannot be 25 
maintained, and production ol powder ai peeled edges 
of the coating layer on the basis of the pattern may be 
caused during or after the peeling step. 



SUMMARY OF THE INVENTION 
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The first object ol the present invention is to provide 
a process to/ producing a porous coating layer having 
a prescribed pattern, which permits to keep the thick- 
ness of the coating layer uniform and to keep the pre- <w 
scribed pattern sharp. 

Tlw second objeci of the present invention is lo pro- 
vide a process for producing an electrode plate having 
a prescribed (pattern for a secondary battery with a non- 
aqueous electrolyte, which permits 10 keep Ihe thick- *o 
noes of tho active material layer uniform and to keep tho 
prescribed pattern sharp. 

The third object of the present invention islo provide 
an electrode plate having a prescribed pattern for a sec- 
ondary battery with a nonaqueous electrolyte, in which 
the thickness ol the active material layer is kept uniform 
and the prescribed pattern is kepi sharp. 

The fourth object ol the present invention is to pro- 
vide a sheet for peeling an active material layer which 
permits to effectively lorm a prescribed sharp pattern in 
the above-described process lor producing tho porous 
coaling layer and the above-described process for pro- 
ducing the electrode plate for a secondary battery with 
a nonaqueous electrolyte. 

The present inventors have carried out extensive ss 
studies in order to solve the problems of the convention- 
al prior art, and have obtained the following findings: 



(a) The coating layer for the electrode plate is po- 
rous. When the coating layer having numerous fine 
cavities existing therein is impregnated with liquid 
maieriai having a larger cohesion aller solidification 
thereof than lhat of the coating layer in an optional 
paitern, the liquid material solidifies by the cooling 
or through chemical reaciion so as to surround the 
coating layer. Only a portion of the coaling layer in 
which the liquid material is solidified, can easily be 
peeled from Ihe surface of the collector. Thus, the 
surface of the collector can be partially and well ex- 
posed without leaving portions lo be removed of the 
coaling layer non-peeled, tho boundary between 
the peeled portions and the non-peeled portion of 
Ihe coating layer is kept very sharp, and there is no 
occurrence of problems Ol production ol powder 
even when carrying oui the peeling Step", 

(b) When a porous sheet is brought into contact with 
the portion of the coating layer which is impregnated 
with the liquid malarial, prior to Ihe solidification of 
the liquid material, to the portion of the coaling layer 
and the porous sheet is combined together through 
the liquid material, the impregnated portion of the 
coaling layer can be peeled together with the po- 
rous sheet. 

The present invention has bean made on ihe basis 
ol Ihe above-mentioned findings 

In order to attain the first object of the present In- 
vention, the process thereof for producing a porous 
coating layer having a prescribed pattern, which com- 
prises the steps of: 

impregnating a porous coating layer formed on a 
substrate with liquid material having a larger cohe- 
sion alter solidification thereol than thai of said coat- 
ing layer based on a prescribed pattern, 
solidifying said liquid material to form a solidified 
material; and 

peeling a portion of said coating layer, which has 
boon impregnated with 6aid solidified material, to 
expose partially a surface of said substrate based 
on said prescribed pattern. 

in order to attain the second object of the present 
invention, ihe process thereof for producing an elec- 
trode plare tor a secondary battery with a nonaqueous 
electrolyte, which comprises the steps of: 

applying an electrode forming composition com- 
prising active material and a binder on a collector, 
and drying same to form an active malarial layer on 
the collector 

impregnating said active material layer with liquid 
material having a larger cohesion after solidification 
thereot than that ol said active material based on a 
prescribed partem; 

solidifying said liquid material to form a solidified 
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material, and 

peeling a portion of said active material layer, which 
has been impregnated with said solidilied material, 
to expose partially a surface ol said collector cased 
on said prescribed pattern. s 

In these processes, 

(1 ) Said liquid material preferably comprises mate- 
rial which is solid at a room temperature, and can io 
be liqueFisd by heat 

(2) Said material which can be liquefied by heal 
preferably comprises at least one ot thermoplastic 
resin, organic or inorganic wax and a low melting 
point-mete I 15 

(3) Said material which can be liquefied by heat 
preferably has viscosity of from 10 to 50,000 cP 
when the molting thereof . 

(4) Said material which can be liquefied by heat 
preferably has a melting point ot from 20° C to 20 
25D B C. 

(5) Said material which can be liquefied by heat 
preferably comprises at least one of polyethylene, 
polypropylene, low molecular weight polyethylene, 
low molecular weight polypropylene, wax and de- ss 
rrvative thereof. 

Said liquid material may comprise material 
which can be solidified by chemical reaction. 

(7) Said liquid material may comprise at least one 

of polymerization material and cross-linking male- so 
rial. 

(8) Said substrate may be a collector tor a lithium 
battery. 

(9) said porous coating layer may be a coaling layer 
comprising active material and a binder. 35 

(10) A step ol bi iiigiiiu a poious sheet into contact 
with a surface of said coaling layer to cause a pan 
of said liquid material existing in said coating layer 
and/or existing on the surface thereof to migrate into 
said porous sheet may be carried out between said 
stop of Impregnating tho coating layer with tho liquid 
material based on tho prescribed pattern and eajd 
step of solidifying the liquid material; said step ol 
solidifying the liquid material may comprise integral- 
ly solidifying the liquid maleiial remaining in said 
coating layer and the liquid material caused to mi* 
grate into said porous sheet; and said step of peel- 
ing the portion of the coating layer may comprise 
peeling the portion of the coating layer, which has 
been impregnated with the liquid material together 
with said porous shoot, lo oxposo partially the sur- 
face of tho substrate based on the prescribed pat- 
tern. 

When carrying out these steps, the portion of the 
coating layer, which is impregnated with the liquid ma- 
ferial in the form of a pattern, can be peeled after the 
solidification of the liquid material together with the po- 



rous sheet stuck on tho portion based on the pattern, 
with the result that all.the portions of the coating layer 
lo be removed on the basis of the pattern can bo re- 
moved by carrying out a single peeling step without leav- 
ing the portions to be removed of the coating layer non- 
peeled. Since the porous sheet is placed, prior to the 
solidification 01 the liquid material, namely in the state 
of liquid, on the portion of the coaling layei, which is im- 
pregnated with the liquid material, cracks do not easily 
tend to be produced on the portion of the coaling layer 
to be removed. Accordingly, even when liquid material 
having larger cohesion is used, there is no occurrence 
ot marks of crack on the exposed portion ol tho sub- 
strate, thus leading to a sharp edge of the formed pat- 
tern. (11) The portion of the coating layer, which has 
been impregnated with the iiquid material is preferably 
peeled together with said porous sheet by peeling Ihe 
porous sheet from the substrata while imparting tension 
to said porous sheet not so as to be loosened, in said 
step of partially exposing the surface of the substrate 
based on the prescribed pattern. 

Whon pulling the porous sheet in order to peel the 
portion of the coaling layer on the basis ol the pattern, 
only the porous sheet may be peeled from the boundary 
between the porous sheet and the coating layer, with 
ihe result that only the porous sheet may be peeled from 
the electrode plate and the portions to be removed ot 
the coating layer may be led non-peeled and remains 
on the substrate. The imparling ot tension to the porou& 
sheet nol so as to be loosened can prevent the peeling 
of only the porous sheet. 

(12) Said liquid material preferably comprise material 
which is solid at a room temperature and can be lique- 
fied by heat. 

Smco it is possible to rem el t the liquid material with 
which the coating layer is impieynated on the basis of 
the pattern, by heat and lo solidify the thus lemelt liquid 
material again, the step of integrally bonding the porous 
sheet with the coating layer can be modified On the basis 
of various manners, thus making it possible to apply this 
process not only to a continuous production lino but also 
to an intermittent pioductton lino. 

(13) Said liquid material may comprise at least one 
of polymerization material and cross-linking mate- 
rial. 

(14) Said substrate may be a collector for a lithium 
battery. 

05) Said binder may comprise fluorore9in, 
(16) Said Jiquid material may comprise thermoplas- 
tic resin, said step ol impregnating the active mate- 
rial layer with the liquid material may comprise im- 
pregnating a portion of the active material layer to 
bo removed with the thermoplastic resin by the use 
ol heat; said step of solidifying the liquid material 
may comprise cooling said thermoplastic resin; and 
said stop of peeling the active material layer may 
comprise removing said thermoplastic resin logelh- 
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cr whh the portion ol the active material to be re- 
moved. 

(17) Stud slep of impregnating the portion of the ac- 
tive material layer to be removed with the thermo- 
plastic resin may comprise heai-pressing a peeling s 
sheet impregnated with said thermoplastic resin on- 
to the portion of the active material layer lo be re- 
moved; and said step of removing the II leimoplaslic 
resin together with the portion of the active material 
layer to be removed may comprise peeling said to 
peeimg sheet from said active material layer to re- 
movo said por lion of the active material layer to be 
removetd in a hoat-prcssing rogion together with the 
peeling sheet. 

(18) Said thermoplastic resin in the item (16) pref- 1 $ 
erably comprise at least one of polyethylene, poly- 
propylene and deiivative thereof. 

(19) Said peeling sheet in the item (17) preferably 
comprise a porous sheet. 

<20) Said thermoplastic resin in the item (17) pref- so 
erably has a melting point of from 100°C to 250»C. 

(21) Said thermoplastic resin in the item (17) pref- 
erably has viscosity of from 100 to 50,000 cP when 
the melting thereof. 

(22) Said peeling sheet in the itom (17) may com- ss 
prise a nonwoven fabric cloth. 

(23) Healing in the item (17) in the heat-pressing of 
said peeling sheet may be conducted from a side 
of the collector 

(24) Said step in the item (16) of impregnating the 30 
portion of the active material layer to be removed 
with the thermoplastic resin may comprise healing 
said active material layer and then bringing a 
formed body which Is made of said thermoplastic 
resin and is solid at a room temperature into contact ^ 
with said portion of the active material layer to be 
removed. 

(25) Said lormed body in the item (24) made of the 
thermoplastic resin preferably has substantially the 
same shape as that of the portion of the active ma- *o 
torial layer to bo romovod. 

(26) Th& actrvo material layer may continuously be 
impregnated with said thermoplastic resin while 
pressing said formed body In the item (24) made of 
the thermoplastic resin on the heated surface of the 4$ 
active material layer. 

(27) Said thermoplastic resin in the item (24) pref- 
erably comprise at least one of polyethylene, poly- 
propylene and derivative thereof. 

(28) Said thermoplastic resin in the item (24) pref- so 
erably has a molting point of from 20°C lo 250*0. 

(29) Said thermoplastic resin in the item (24) pref- 
erably has viscosity of from 100 to 50,000 cP when 
the melting thereof. 

(30) Said .healing of the active material layer in the ss 
item (24) may be conducted from a side of the col- 
lector, 

(31) A step of bringing a porous sheet into contact 



with ine active material layer to cause a part of said 
liquid material existing in satd active material layer 
and/or existing on the surface thereof to migrate into 
said porous sheet may be earned out between said 
step of impregnating the active material layer with 
the liquid material and said step of solidifying the 
liquid material: said step of solidifying the liquid ma- 
terial may comprise integrally solidifying the liquid 
material remaining in sad active material layer and 
the liquid material caused to migrate mlo said po- 
rous sheet and 6a id step of peeling the ponion of 
the active material layer may comprise peeling the 
portion of the coating layer which has been impreg 
nated with the liquid material together with said po- 
rous sheet In the integral solidification condition of 
the liquid material in tho active material layer and 
the liquid material in the porous sheet, to expose 
partially the surface of the substrate based on the 
prescribed pattern. 

(32) The portion of the coating layer, which has 
been impregnated with the liquid material may be 
peeled together with said porous sheet by peeling 
the porous sheet from the collector while imparting 
tension Lo said porous sheet not so as to be loos- 
ened, rn said step in the item (31 ) of partially expos- 
ing the surface of the collector based on the pre- 
scribed pattern. 

(33) Said liquid material in the item (31) prelerably 
comprises material which is solid at a room temper- 
eiure, and can be liquefied by heat, 

(34) Said material in the "item (33) which can be liq- 
uefied by heat preferably comprise at feast one of 
thermoplastic resin, organic or inorganic wax and a 
low melting point-metal. 

(35) said thermoplastic resin m the item (34) is pref- 
erably al least one thermoplastic resin selected 
from the group consisting of ethylene homopoly- 
mer, propylene homopolymer, ethylene copolymer 
and propylene copolymer. 

(36) Said material in Ihe item (33) which » Solid at 
a room temperature, and can be liquefied by heat 
preferably has a molting point of from 20»C lo 
250°C. 

(37) Said material in the item (33) which is solid at 
a room lemperature. and can be liquefied by heat 
preferably has viscosity of from 10 10 50.000 cP 
when the melting thereof. 

(38) A step of bringing a porous shoot into contact 
with the active material layer to cause a part of said 
liquid material existing in said active material layer 
and/or existing on the surface thereof lo migrate into 
said porous sheet may be carried out between said 
step of impregnating the active material layer with 
the liquid material and said stop of solidifying the 
liquid material; said step of solidifying the liquid ma- 
terial may comprise integrally solidifying the liquid 
material remaining in said active material layer and 
the liquid material caused to migrate into said po- 
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rous sheet by cooling same; and said step of peel- 
ing the portion of ihe active material layer may com- 
prise peating the portion of 1he costing layer, which 
has been impregnated with the liquid material to- 
gether with said porous sheet in the integral solidi- 
fication condition of the liquid material in the active 
material layer and the liquid material in the porous 
sheet, to expose partially the surtaco of the collector 
based on the prescribed pattern. 
(39) A step of cooling the liquid material to solidity 
same, a etep ol bringing a porous sheet into contact 
with the active material layer and a step o! heating 
contact portions of the active material layer and tho 
porous sheet to rented a part or the solidified liquid 
material &o as to cause the re me II liquid material to 
migrate into the porous sheet may be conducted in 
this order between said step of impregnating the ac- 
tive material layer with the liquid material and s«id 
step of solidify rig the liquid material; and said slep 
of peeling the portion of the active material layer 
may comprise peeling the portion of the coaling lay- 
er, which has been impregnated with the liquid ma- 
terial together with said porous sheet in the integral 
solidification condition of the liquid material in the 
active material layer and tho liquid material in the 
porous sheet, to expose partially the surface of the 
collector based on the prescribed pattern. 
.'AO) A slep ot cooling the liquid material to solidify 
same and a step of bringing a heated porous sheet 
Into contact with the active material layer to remett 
a pert of the solidified liquid material so as to cause 
the remett liquid material to migrate into the porous 
sheet may be conducted in this order between said 
step of Impregnating the active material layer with 
the liquid material and said step of solidifying the 
liquid material, and said step of peeling the portion 
ol the active material layer may comprise peeling 
the portion ot the coaling layer, which has been im- 
pregnated with the liquid material together with said 
porous Sheet in the integral solidification condition 
of tho liquid material in Ihe active material layer and 
the liquid material in the porous sheet, to expose 
partially ih<3 surface of the collector based on the 
prescribed pattern. 

According to the features in tho items (28). (39) and 

(40) , H is possible to produce an electrode plate having 
an excellent quality for a secondary battery with a non- 
aqueous electrolyte in which there is no occurrence of 
marks of crack on tho non-coated portion after the peel- 
ing fi.e.. the exposed portion of the collector), a proper 
measurement accuracy of ihe pattern can be main- 
lamed, no production o1 powder occurs at peeled edges 
of the coating layer on the basis of the pattern. 

(41 ) Said porous sheet in the Item (31 ) may comprise 
any one of polyester mesh, metallic mesh, cloth, paper 
and a nonwoven fabric cloth. 

In order to attain the third object of the present in- 



vention, an electrode plate for a secondary battery with 
a nonaqueous electrolyte, can be produced by carrying 
out a process comprising the steps of; 

£ applying an electrode lorming composition com- 
prising aclive material and a binder on a collector, 
and drying same to form an active material layer on 
the colleclui, 

impregnating said active material layer with liquid 
to material having a larger cohesion after solidification 
thereof than that of said active material based on a 
prescribed pattern: 

solidifying said liquid material to form a solidified 
material; and 

is pooling a portion of said active material layer, which 
has been impregnated with said solidified material, 
to expose partially a surface of said collector based 
on said prescribed pattern. 

20 in the process carried out lor the production of Ihe 
above-described electrode plate tor a secondary battery 
with a nonaqueous electrolyte. 

(1) Said liquid material may comprise thermoplastic 
25 resin; said step of impregnating the active material 

layer with the liquid material may comprise impreg- 
nating a portion of the active material layer to be 
removed with the thermoplastic resin by the use of 
heat; said step of solidifying the liquid malarial may 

30 comprise cooling said thermoplastic resin; and said 
step of peeling the active material layer may com- 
prise removing said thermoplastic rosin together 
with ihe poruon of the active material to be removed. 
(Z) Said step in the item (1 ) of impregnating the por- 

35 tion of tho active material layer to be removed with 
the thermoplastic resin may Comprise heat -pi ess* 
ing a peeling sheet impregnated with said thermo- 
plastic resin onto the portion of the active material 
layer to be removed; and said step in the item (1) 

40 ol removing the thermoplastic resin together with 
the portion of the aotiVO matonal layer to bo re- 
moved comprises peeling said peeling sheet from 
said active material layer to remove said portion of 
the active material layer to be removed in a heat- 

4S pressing region together with the peeling 3heel. 

(2) Said step in the item (1) of impregnating the por- 
tion of the active material layer lo be removed with 
the thermoplastic resin may comprise healing said 
active material layer and then bringing a formed 

so body which is made of said thermoplastic resin and 
is solid at a room temperature into contact with said 
portion of the active material layer to be removed. 
(4) A step of bringing a porous sheet into contact 
with the active material layer to cause a part of said 

55 liquid material existing in said active material layer 
and/or existing on the surface thereof to migrate into 
said porous sheet may be carried out between said 
slep of impregnating the active material layer with 
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the liquid material and said slep of solidifying the 
liquid material; said slep of solidifying the liquid ma- 
terial may comprise integrally solidifying the liquid 
material remaining in said active material layer and 
the liquid material caused to migrate into said po- 
rous sheet; and said step ot peeling the portion of 
the active material layer may comprise peeling the 
portion of IhB coaling layer, which has been impreg- 
nated wilh the liquid material together wilh said po- 
rous sheet in Ihe integral solid itlcalion condition ot 
the liquid material in the active materia f layer and 
the liquid material in th© porous sheet, lo expose 
partially the surface of the substrate based on the 
prescribed pattern. 

In order lo aliain the lourth object ot the present in- 
vention, a sheet thereof for peeling an active matnrial 
layer, comprises a porous sheet and thermoplastic resin 
impregnated in said porous sheet. 

The present Invention may be classified into the liret 
group as Ihe generic group in which a means for peeling 
a portion of an active material layer, which is impregnat- 
ed with liquid material is noi defined, the second group 
characterized In mat a peeling sheet impregnated wilh 
thermoplasiic resin is used as such a peeling means, 
and the peeling sheel is heat-pressed on a portion to be 
removed of the active material layer, the third group 
characterized In that a formed body made of thermo- 
plasiic resin which is solid at a room temperature, is 
used as ihe peeling means, and the fourth group char- 
acterized in thai a porous sheeL is used as the peeling 
means. * 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schemalc deaunpLrve view illustrating 
one step of the process of the piesent invention in 
the first group; 

FIG. 2 is a schematic descriptive view illustrating 
another step of the process of Ihe present invention 
in the first group; 

FIG. 3 is a schematic descriptive view illustrating 
further another step of Ihe process of the present 
invention in the first group; 

FIG 4 is a schematic descriptive view illustrating 
one example of a pattern formed by the process of 
Ihe present invention In the first group: 
FIG. 5 is a schematic descriptive view illustrating 
another example ol a pattern formed by ihe process 
ot ihe present invention in the first group: 
FIG. 6 is a schematic descriptive view must rating 
further another example of a paitern formed by the 
process of the present invention m the firsl group; 
FIG. 7(a) Is a plan view ol an electrode plate of the 
present invention in the second group, and FIG. (b) 
is an enlarged cross-sectional view of the electrode 
plate: 

FIG. a is a plan view of another electrode plate of 
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ihe present invention in the second group: 
FIG. 9 is a schematic descriptive view illustrating 
one step of the process of the present invention m 
the second group; 
s FIG. 10 is a schematic descriptive view illustrating 
another step of ihe process of the present invention 
in the second group. 

FIG 11 is a schematic desciiplive view illustrating 
further another step ot the process ol the present 
10 invention in the second group: 

FIG. 12 is a perspective view illustrating a coating 
apparatus used in the process ot the preeont inven- 
tion In the second group; 

FIG. 1 3 is a schematic descriptive view illustrating 
15 one slep of the process of the present Invention in 
the third group; 

FIG. 14 is a schematic descriptive view illustrating 
another step of thfl process of the present invention 
in the third group; 

so FiG. 15 is a schematio descriptive view illustrating 
further another slep of the process of the present 
invention in the third group; 
FIGS 1 6(a) lo 1 6(c) are schematic descriptive view 
illustrating, further another step of the process Of the 

25 present invention in the third group, 

FIG. 17 is a schematic descriptive view illustrating 
one step of the process of the fourth group; 
FIG. 1B is a schematic descriptive view illustrating 
one example of a peeling step in the process of the 

30 present invention in the fourth group; 

FIG. 19 is a schematic descriptive view illuslratlng 
another example of a peeling step in Ihe process of 
the present invention in the lourih group; 
FIG, 20 is a schematic descriptive view illuslratlng 

35 further another example of a peeling step in the 
processor Ihe present invention in the fourth group; 
FIG. 21 is a schematic descriptive view illustrating 
further still another example of a peeling step in the 
process of tho present invention in the fourth group; 

40 FIG. 22 is an exploded perspective View illustrating 

a cylindrical shape- lithium Ion secondary battery as 
generally used; and 

FIG. 23 Is a plan view illustrating one example of an 
electrode plate of the present invention In the fourth 
45 group 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 Now, the present invention in the tirsl group will be 
described in detail below. 

A process of the present invention in the first group, 
for producing a porous coating layer is characterized by 
comprising the steps of impregnating a porous coating 

ss layer formed on a substrate with liquid material having 
a larger cohesion after solidification thereof than that of 
said coaling layer based on a prescribed pan em; solid- 
ifying said liquid material lo form a solidified material; 
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and peeling a portion of said coaling layer, which has 
been impregnated with said solidified material, to ex- 
pose partial ty a surface of said substrate based on said 
prescribed pattern An typical example In which the 
process of the present invention is utilized in the pro- 
duction ol an electrode plate Tor a secondary battery with 
a nonaqueous electrolyte will be described below. Off 
touiso, Ihe application ol the process of ihepreseni In- 
vention is not limited to the application thereof to the pro- 
duction of such an eleclrode plate for a secondary bat- 
tery wiih a nonaqueous electrolyte. 

The present Inventors have carried out extensive 
studies of a process lor forming an active material coal- 
ing layer based on a prescribed pattern in the production 
of en electrode plate for a secondary battery with a non- 
aqueous electrolyte. In the above-mentioned studies, 
they directed their attention fn The following facts: 

(1) Since the active material coating layer is com- 
posed ol particles of an active material in a large 
amount and resin as a binder in a relatively small 
amount, the active material coating layer Is porous, 
and has a poor adhesivily to a collector; and 

(2) Since the resin as a binder is used In a small 
amount, cohesion (i.e., strength) in the lateral direc- 
tion of the active material layer is low. 

More specifically, liquid material tends to be easily 
permeate through the active material layer In the width 
direction due to the porosity thereof. When the active 
material layer is impregnated with liquid material on the 
basis of an optional pattern, and the liquid material per- 
meating in the active material layer is solidified, the im- 
pregnated pon Jon of the active material layer is remark- 
ably different [ram the non-impregnated portion thereof 
in physical siieng li\ and as a result that only the impreg- 
nated portion of the active mateiial layec can easily be 
peeled from iho collector thus exposing the surface of 
the collector to be exposed on the basis of ths pattern 
without leaving iho portion to be removed of the active 
material layer non-peeled. 

The above-mentioned process of the present inven- 
tion will be described with reference to the drawings. As 
shown in FIG. 1 . a solidilying agent 3 as liquid material 
such as wax is melted by heat, and the thus melted so- 
lidifying agent iis dropped on an active material coating 
layer 2 formed on the surface of a collector 1. The 
dropped solidifying agent 3 permeates through the ac- 
tive material coating layer 2, and cavities in the active 
material coating layer 2 are filled with the solidifying 
agent 3. In thie; case, the collector 1 and/or the active 
material coating layer 2 may be heated in order to pre- 
vent the liquefied solidifying agent 3 from being solidified 
before the solidifying agent 3 reaches the surlace of the 
collector 1 . 

FIG. 2 shows a state in which the solidifying agent 
3 permeates through the aotlve material coating layer 2, 
and ft is solldrfiod by the cooling. In this state, a portion 
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of the active material coaling layer 2, through which the 
solidifying agent 3 permeates, has a excessively higher 
density than that of the other portion, and cohesion of 
the lormer is higher than that of the latter. 
5 FIG. 3 snows a state in which the portion of the ac- 
tive material coating tayer 2, which is impregnated with 
the solidifying agent is peeled. The portion 2a of the ac* 
live material coaling layer 2, which is impregnated wilh 
the solidifying agent 3, has a higher density and a higher 
io cohesion through the impregnation with the solidifying 
agent 3, and the cohesion of the portion is excessively 
higher than that of the adjacent other portion of the ac- 
tive material coating layer 2, which is not impregnated 
with the solidifying agent 3, as described above. Accord- 
's inojy, the portion 2a ol the active material coating layer 
2, which is impregnated with the solidifying agent is 
peeled by an appropriate means, can be peeled in a 
state that the active material coating layer 2 is surround- 
ed by the solidifying agent 3, and ihe surface of the col- 
20 lector can be exposed on Ihe basis of the sharp pattern 
after the pealing ol the portion 2a 

A shape of the pattern formed by the process of the 
present invention can optionally be selected. Examples 
of the pattern are shown in FIGS. 4 to 6. 
25 in FIGS. 4 to 6, 4 is a peeled portion and 5 is a non- 
peeled ponion. In FIG. 5. G is a peeled portion to which 
a terminal is to be connected. 

In the process of the present invention, there is 
used, as a solidifying agent 3, material which is solid at 
30 a room temperature, and can be liquefied by heat, lor 
example, at least one of thermoplastic resin, organic or 
inorganic wax and a low melting point-metal. In view of 
the object ol the present invenlion, the solidifying agent 
3 preferably has a melting point of from 20*C io 250*C, 
35 and more preferably of form 60 B C to 150°C. When the 
melting point of the solidifying agent 3 is excessively low, 
it softens at a ioom temperature, leading IO hard han- 
dling thereof and a poor productivity of the electrode 
plate. When the melting point thereof is excessively 
4o high, on the other hand, there occurs uneconomical 
problem in energy, 

The solidifying agent 3 preferably has viscosity of 
Irom 10 to 50,000 cP when the melting ihereof, and 
more preferably ol from 300 to 6,000 cP. When the vis- 
^ cosity of the Aolidifylng agent 3 is excessively high, the 
solidifying agent 3 tends io not permeate easily into fine 
cavities of tho active material coating layer 2. leading to 
a poor productivity of the eleclrode plate. When the vis- 
cosity thereof is excessively low the solidifying agent 3 
so in a molten stale lends to spread over in the inside of 
the active material coating layor 2 in a direction along a 
plane parallel to the surlace thereol by the capillary phe- 
nomenon, thus making it impossible to forma sharp pat- 
tern. It is preferable to limit an adhesive strength bo- 
ss tween the solidilying agent 3 and the collector i to a 
value as smaller as possible, in the light of workability 
in the peeling step. 

As concrete examples of the solidifying agent 3, 
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Ihcrc may be lisledthe following: (1) thermoplastic resin 
such as poiyoiehn resin such as polyethylene, polypro- 
pylene and the like; polyvinyl chloride resin; polystyrene; 
polyvinyl acetate resin; elhylene-vinyl acetate copoly- 
mer; ethylene- vinyl chloride copolymer; and the like, (2) 
low molecular weight polyethytene, (3) low molecular 
weight polypropylene, (4) copolymer Ihereol, (5) syn- 
ihotic wax such as micro-crystalline wax. polyethylene 
wax oxide, end the mixture Ihereol, (6) natural wax such 
as ca rnauba wax, and (7) derivative and mixture thereof 

As a solidifying agent 3 other than the above-de- 
- scribed, there may be used material which can trans- 
form from the liquid phase into the solid phase through 
a chemical reaction, for example, polymerization liquid 
material and cross-Unking liquid material. As such po- 
lymerization liquid material and cross-linking liquid ma- 
terial, there may be used polymerization liquid material 
and cross-linking liquid material used in a printing ink or 
a coaling composition which have properties such as a 
thermosetting property, a catalytic-s Biting properly, a 
setting property at a room temperature, a electron 
beam-setting property and an ultraviolet-selling proper- 
ty. Solidification of euoh kind of solidifying agent 3 may 
be carded out by heat, catalyst, the addition of a cross- 
linking agent, radialion ol election beam or ultraviolet. 

When the coating layer 2 Is impregnated with the 
above-mentioned solidifying agent 3, it is necessary lor 
the solidifying agent 3 to permeate through fine cavities 
In the coating layer 2 so as to reach the surface of tho 
collector 1 . If the liquefied solldilyrng agent 3 is solidified 
before It reaches the surface of the collector 1 , a portion 
to ba removed of the coating layer 2 may be left non- 
peeled even when the coating layer 2 impregnated with 
the solidifying agent 3 is peeled from the collector 1 . in 
order to solve the above-mentioned problem, at least 
one of the collector 1 and the coaling layer 2 may be 
heated to an appropriate temperature to delay the so- 
lidification ol the soHdilying agent 3, or the solidifying 
agent 3 having a low viscosity may be selected to in- 
crease the permeating velocity of thereof, or the solidi- 
fying agent 3 may bo kept at a sufficiently high temper- 
ature to delay the solidification thereof. 

In case where a copper foil is used as the collector 
1 for the negative electrode, the copper loil lends to be 
oxidized to produce a reddish surface thereof upon 
heating il lo ihe temperature of at least 140 a C. When 
the coating layer 2 is healed by means of a hot plate 
during applying (dropping) the solidifying agent 3. the 
increase in temperature of the hot plate to at least 140'C 
does not however cause the occurrence of the above- 
mentioned problem of oxidization of the copper foil, 
since the both surfaces of the copper loil are coaled with 
the coating layers 2 and ihe heating is conducted from 
the side of Ihe surface of the coating layer 2 onto which 
the solidilying agent 3 has been applied. 

In case where the pattern is formed on the one sur- 
face of the electrode plate, and then another pattern is 
formed on the other surface thereof, to respectively form 



the pattern at the same position on the both surfaces of 
the electrode plate, il is preferable lo heal the coating 
layer 2 by means of extreme infrared radiation or the like 
from the side of the surlace on which the pattern is to 
s be formed, to keep the exposed back surface of the col- 
lectori at a lemperaiure of under i40°C ( inordertopre- 
vent the exposed surface of the copper foil from being 
oxidized. 

With respecl to a method of permeating the solidi- 
tc fying agent 3 through the coating layer 2 on the basis of 
the pattern, there are many methods, i.e., a method of 
applying the solidifying agent 3 in the molten state onto 
the coating layer 2, a method of arranging a solid body 
made of the solidifying agent 3 on the basis of the pat- 
T5 tern on the coating layer 2 and heating the coating layer 
2 to meli the solidifying agent 3 which is in contact wilh 
ihe coating layer 2 so as to impregnate ihe coating layer 
2 wilh Ihe solidifying agent 3, a method Of previously 
preparing a stencil having a prescribed pattern, and ap- 
20 plying the solidifying agent 3 onto the coating layer 2 
with the use of the stencil to Impregnate the coating layer 
2 with the solidifying agenl 3, and the like, in case where 
the solidifying agent 3 in the molten state is applied onto 
the coating layer 2. it is possible to use a conventional 
25 coating apparatus such as a dispenser, a gravure roll, 
a die head and tho like For example, il Ihe dropping 
apparatus tor the solidifying agent as shown in FIG. 1 is 
secured lo an x-axis and y-axis plotter type driving ap- 
paratus, it is possible to drop ihe solidifying agent 3 
30 based on the prescribed pattern In accordance with the 
movement of the x-axis and y-axis plotter When the x- 
axis and y-axis plotter is moved so as to draw a charao 
ter, a figure or a pattern, the solidifying agent 3 is 
dropped lo draw the above-mentioned prescribed char- 
ts acter. figure or pattern 

The porlion or Ihe coating layer 2 impregnated with 
the solidifying agent is normally stuck to the collector 1 
in a email er strength, and this portion can easily be 
peeled. With respect to a peeling means, tension may 
40 be imparted to the collector 1 to lift up the portion of the 
coaling layer 2 impregnated wilh the eofidlfylng agcnl 
from the collector 1 so as to perform the peeling thereof, 
or it may be peeled from the collector 1 by means of a 
spatula, or it may be peeled with Ihe use of an adhesive 
45 tape, or il may be peeled from the collector 1 by the blow- 
ing of air. 

The impregnation of the coaling layer with the so- 
lldlrying agenl 3 may be carried out before or after the 
pressing slep described later of the coating layer 2. 

so Description will be given of each of matonats of 
which Ihe electrode plate is composed, in case where 
the process of the present invention is applied to tho 
production of the electrode plate for a secondary battery 
with a noaqueous electrolyte. The secondary battery 

ss with a noaqueous electrolyte may be exemplified by a 
lithium secondary battery, and is charactered in the 
use of ihe nonaqueous organic solvent as an electrolyte. 
For example, there is used an electrode plate in which 



9 



PAGE 28/74 * RCVD AT 8/7/2007 5:19:25 PM [Eastern Daylight Time] * SVR:USPTO€FXRF-3/21 * DNI&2738300 ■ CSID:12129537733 ■ DURATION (mfHS):45-34 



08/07/2007 17:44 FAX 12129537733 



+ PTO CENTRAL © 029/074 



17 EP 0 814 521 A2 IB 



in© coating layer (i.e., the active material coating layer) 
containing tho active material lor the electrode is formed 
on the collector made ol a metallic foil, and the nonaque- 
ous organic solvent Is used as an electrolyte, in mis Bat- 
tery, charge and discharge can be performed by inter- 
change or electrons during the movement ol a lithium 
ion between me positive electrode and the negative 
electrode. 

The coating layer containing the active material, ol 
Which the electrode plate lor a secondary battery with a 
nonaqueous electrolyte ot the present Invention, can be 
formed by the coating composition for the electrode 
which comprises active material and a binder. As an ac- 
live material for the positive oleetrode used in the 
present Invention, there may be used at least one kind 
of lithium oxides such 3s LiCoOj,, LiMn 2 0 4 andihe like, 
and ehalcogen compounds such as TiS 2 . Mn0 2 . Mo0 3 , 
V 2 O s and the like. 

Ae an aclive material for the negative electrode rt 
is prof enable to use metallic lithium, lithium alloy andcar- 
bonactous material such as graphite, carbon black, 
acetylene or the like. When L1C0O2 is used as the active 
material lor the positive electrode and the carbonacious 
material is uscad as the active material for the negative 
electrode, it is possible to obtain a lithium secondary bat- 
tery having a high discharge voltage ot about 4 volt it 
is preferable to disperse uniformly these active materi- 
als in the coaling layer as formed. For this reason, it is 
preferable to use powder ol the active material having 
a particle size of from 1 to 1 00 n m and an average par- 
ticle size of about 10 pm, 

As a binder used m the process of the present in- 
vention, there may be selectively used for example ther- 
moplastic resin, i.e., polyester resin, potyamida resin, 
pofyacrylic acid-ester resin, polycarbonate resin, poly- 
urelhdne resin, cellulose resin, poiyulefln resin, polyvi- 
nyl resin, fluororesln and poiyimtde resin. In this case, 
compounds in which reactive functional group is intro- 
duced (i.e., acrylate monomer or oligomer) may be si- 
multaneously mixed. The acrylate monomer and the ol 
igomcr may be used alone Or in combination. 

The coaling layer containing the aotivo material, of 
which the electrode plate for a secondary battery with a 
nonaqueous electrolyto ol the present invention, can be 
prepared in the* following manner First, the coaling com- 
position to be applied onlo the collector is prepared with 
the use ot the above -described materials. More specif- 
ically, the binder and the powdery active material, which 
are property selected Tram the above-mentioned mate- 
rials, are kneaded or dissolved in a stale of dispersion 
with the use of an appropriate dispersing agent to pre- 
pare the coating composition for the electrode plate 

Then, the ihus prepared coating composition is ap- 
plied on the collector. As a coaling method, a conven- 
tional coating method such as a gravure coating meth- 
od, a die coating or a alido coating may be used. Then, 
the coaling composition is dried by carrying out a drying 
step to prepare a coaling layer having a prescribed 



thickness 

As a collector used in the electrode plate ol the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it Is prelerable louse a metallic foil 
s such as lor example an aluminum foil, a copper foil or 
the like. Such a metallic foil preferably has a thickness 
of from about 10 u m to about 30 u. m. 

Description will be given below of a concrete meth- 
od for preparing the coating composition lor the elec- 
10 trode plate used in the present invention, which contains 
the active material. First, the binder and the powdery 
active material which are appropriately selected from 
thD above-d escribed materials, are added to a dispers- 
ing medium comprising an organic solvenl such as tol- 
'5 uene, and a conductive agent is added to the dispersing 
medium, as an occasion demands, to prepare a mixture. 
The thus prepared mixture i« subjected to a mixing and 
dispersing process with the use ol the conventional dis- 
persing apparatus such ae a homogenizes a ball mill, a 
20 sand mill, a roll mill and the like. 

in this stage, there may be applied the same mixing 
ratio of the binder and the active material as the con- 
ventional mixing ratio thereof. There may preferably be 
applied the mixing ratio of the binder : the active material 
2S =2:8 through 1:9. As a conductive agent added as an 
occasion demands, there may be used lor example car- 
bonacious material such as graphite, carbon black, 
acetylene black or the like. 

The thus prepared coating composition for the elec- 
50 trode plate, containing the active material, is applied on 
the collector made of a metallic (oil such as an aluminum 
foil, a copper foil and ine like with the use of a gravure 
coater, a gravure reverse coaler, a die coaler or the like, 
and then dried. The applying step and the drying step 
3* ate carried out several Times to prepare a coating layer 
having the thickness or from 10 to 200 n m, preferably 
Offrom 50 to 1 70 p m 

The coating layer obtained by carrying out the 
above-mentioned applying and drying steps is prefera- 
40 bly subjected 10 a press treatment with the use of a me- 
tallic roll, a heating roll, a shoot proccing machine or the 
like, to prepare the electrode plate of Ihe present inven- 
tion, in order 10 improve homogencousness of the coat- 
ing layer. The pressing condition of from 500kgf/cm 2 to 
45 7.500kgl/cm 2 ( more preferably of from 3,000kgf/om 2 to 
S.OOQkgf/cm 2 may be applied lo the above-described 
press treatment. Wiih a pressing force of under SOOkgt/ 
cm 2 , the homogeneousness of the coating layer may not 
sufficiently be improved. With a pressing force of over 
so 7.500kgf/cm a , the electrode plate itself including the col- 
lector may be broken, thus causing an unfavorable prob- 
lem. 

In case where the secondary battery is produced 
with the use ot the electrode plate of the present inven- 
ts tion, whtch has been prepared in the above-described 
manner, it is preferable lo apply a heating treatment and 
a decompression treatment to the electrode plate prior 
to the assembling step ot the secondary battery, in order 
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to remove moisture in Ihe coating layer of the electrode 
plate, which contains Ihe active material. The process 
of the present invention for producing a porous coating 
layer is applied to the elect rodo plate prepared in the 
above -de scribed manner 

In case where the lithium secondary battery is pro- 
duced with the use of ihe thus prepared electrode 
plates, as posiiivc and negative plates, of Ihe present 
invention for a secondary battery with e nonaqueous 
electrolyte, there is used, as an electrolyte, a nonaque- 
ous electrolyte which is obtained by dissolving lithium 
salts as solute into an organic solvent. 

In this stage, there may be used, as an organic sol- 
vent, cyelic esters, chain esters, cyclic ethers, chain 
ethers or the like. The cyclic esters may bo exemplified 
by propylene carbonate, butylen© carbonate, v-buthyro- 
lactone, vinylene carbonate. 2-methyl-Y-bulhyrolac- 
lone, acetyl -7-buthyrolac tone and Y-vnlerolaclone The 
chain esters may be exemplified by dimethyl carbonate, 
diethyl carbonate, dibutyl carbonate, dipropyl carbon- 
ale, methyl ethyl carbonate, methyl butyl carbonate, me- 
thyl propyl carbonate, ethyl butyl carbonate, ethyl propyl 
carbonate, butyl propyl carbonate, propionic acid alkyl 
ester, matonic acid dialkyi ester and acetic acid alkyl es- 
ter. The cyclic ethers may bo exemplified by telrahydro- 
fiiran, alkyltctrahydrofuran. diaikyWialkyttetrahydro- 
furan, alkoxytetrahydrofuran, dial koxytetrahydrofu ran, 
1,3-dloxolan, atkyM ,3-dioxolan and 1,4-dioxolan The 
chain elhen3 may be exemplified by 1 ,2-dimethox- 
yethane, 1,2-dicthoxyelhane. diethyl other, ethylene 
glycol diaikylcther, diethylene glycol dialky (ether, Meth- 
ylene glycol dlalkylether and teiraethyiene glycol di- 
alky lether 

As lithium satts as solute forming the nonaqueous 
electrolyte in cooperation with the abovo- mentioned or- 
ganic solvent t theie may be used inorganic lithium sat*. 
Such as LICIO4. LiBF 4 , LiPF e , LiAsF* LiCl, Li Br or the 
like, or organic lithium salt such as LiBlCgHs)* LiN 
(SQ 2 CF g ) 2 , UC(S0 2 CF 3 ) 3l LiOSOaCFa. LiOS0 2 C 2 F 5 . 
LIOS0 2 C 3 F 7 , LiOS0 2 C 4 F 9 , LIOSO^C s F t1 , 

LiOSOjjCgF^. LiOS0 2 C 7 F 1b , or the like. 

Although the process of tho present invention tor 
producing porous coating layer is described to be ap- 
plied 10 the production of Ihe electrode plate for a sec- 
ondary battery wilh a nonaqueous electrolyte. The appli- 
es I ion ol the process of the present invention is not lim- 
ited only 10 the above-described application, and the 
process of the present invention can also be applied tor 
the other object. 

The above-mentioned other object may be ex em- 
ptied by tho production of a substrate lor a plasma-dis- 
play panel. For example, in a back surface plate of the 
plasma-display panel, an electrode (generally made of 
gold) is lormed on the surface of a substrate made of 
glass through a primer layer. The primer layer is required 
to be formed by the coaling method on an inside region 
of the surface ot the glass 6ubstrato, which is apart from 
the periphery thereof by about 5mm, in order to prevent 



Ihe peripheral portion from being unclean. The above- 
mentioned primer layer can be formed, for example, by 
applying paste which comprises frit of lead glass of 80 
wt,%, a resin binder of 1 wt.% such as eThylcellulose 
5 and the balance being a solvent, and has viscosity 01 
about BO.oOO cP onto the surface of the substrate and 
drying and sintering same. 

In the application melhod of Lhe paste, it is hard to 
form the primer layer on an inside region of the surface 
^o of the glass substrate, which is apart from lhe periphery 
thereof by about 5mm. However, when the process of 
the present invention is utilized in the production of the 
above-mentioned plasma-display panel, it is possible to 
form the primer layer on the glass substrate on tho basts 
ol the precise pattern by applying the paste, l.e , the 
coating composition for the primor layer on the entire 
surface of the glass substrate and drying same, then 
peeling the peripheral portion of the primer layer having 
a width of about 5 mm to remove same from the glass 
20 substrate, and Ihen sintenng the glass substrate having 
the primer layer on the basi of the precise pattern- 
Now, the present invention in the second group will 
be described in detail below. 

The electrode plate of the present invention in the 
2S second group may be composed either of an original 
sheet having a series of plural plates as shown in FIG. 
7(a), or ol a single plate which is obtained by cutting the 
ongmal sheet along lateral lines as shown In FIG. 7<a). 
In FIG. 8, a terminal 7 is connected to a portion of lhe 
30 surface of the collector, which is exposed on the basis 
of the prescribed pattern. 

Accordmg to the present invention, it Is possible to 
produce the electrode plate in which the active material 
layer Is partially removed on the basis of the prescribed 
3S pattern. A3 shown in FIG. 9. the active material layer 2 
which comprises active material and a binder is formed 
on a coilectoi t. A peeling sheet 8 impregnated with 
thermoplastic resin Is placed on the surface of the active 
material layer 2. The peeling sheet 8 suffices to have an 
*o area larger ihan a region of the active material layer 2 
to bo removed, and may havo orthor an area covering 
tho entire active material layor 2. or an area covering 
only the region of active material layer to be removed. 
Then, a pressure heating body 9 is pressed on the sur- 
4* face of the ebovo-mentloned peeling sheet 8 as shown 
In FIG. 10 The pressure heating body 9 is composed ol 
a metallic body which has a built-in heater end permits 
a temperature control thereof. The pressure heating 
body 9 has substantially the same bottom shape as the 
so region of the active material layer 2 to be removed. 

The thermoplastic resin with which the peeling 
sheet is impregnated is melted and permeates through 
the parous active material layer 2 by pressing the pres- 
sure heating body 9 on the peeling sheet B to heat tho 
£5 thermoplastic resin as shown in FIG. 1 0. or heating the 
thermoplastic resin from the side of the collector 1 as 
shown in bold arrows as shown in FIG. 1 0. The pressure 
heating body 9 is lifted up from the peeling sheet 8. end 
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then, the collectoi 1 with the active material layer 2 and 
the peeling slneet B are kept at a room lemperalure. or 
subjected to » forced cooling. Alternately, the healing of 
the thermoplastic resin from me side of the collector 1 
is stopped, and then tne collector 1 with the active ma- 
terial layer 2 and the peeling sheei G are kept at a room 
temperature, or subjected to a forced cooling. Then, the 
thermoplastic resin peririealing through the active ma- 
terial layer 2 rapidly solidifies. The thus solidified ther- 
moplastic resin adheres to the peeling sheet B in a sul- 
ficient strength . Afier completion ot the cooling, when 
the peeling sheet 8 is peeled from the active material 
lay or 2, then only Iho portion 2a to bo removed of the 
active material layer 2, impregnated with the thermo- 
plastic resin can be peeled together with the pooling 
sheBt B Irom the surface of the collector 1 If the portion 
2a lo be removed of the active material layer 2 is sepa- 
rated from the peeling sheet, and the portion 2a is left 
on the collector 1 , this portion 2e may be peeled with 
the use of a suitable peeling means The non-coated 
portion (I.e , peeled portion) having a sharp edge can 
easily be formed on the collector 1 on the basis of the 
prescribed pattern in this manner 

Then, description will be givon of materials used for 
carrying out trie present Invention. 

As a collector used in the electrode plale of the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it is preferable to use a metallic foil 
such as lor example an aluminum foil, a copper foil or 
the like Such a metallic toil preferably has a thickness 
of from aboul 5 u. m to about 30 u m. 

in the present invention, either the active material 
layer for the positive electrode, or the active material lay- 
er for tho negative electrode Is formed an the collector 
1 . A coupling f-igenl layer may be lormed on the surface 
of the collector 1 in oidei to improve Iho adheslvily be- 
tween the collector 1 and the active material layer for 
the positive or negative electrode. As a coupling agent 
used for the formation of the coupling agent layer, there 
may be used a coupling agent having an excellent ad- 
hosivity to both of tho colloctor 1 made of a metallic foil 
and tho activo material layer, which ie appropriately so- 
lected from the coupling agents such as a silane-cou- 
pling agent, a titan at ©-coupling agent, an aluminum- 
coupling agent and Ihe like. 

The silane-eoupllng agent may be exemplified by y 
(2-aminoethyl) aminopropyl trimethoxy silane, 7-(2-ami- 
noethyl) aminopropyl meihyldimethoxy silane. p» 
(3,4-epoxycyclohexyl) ethyltrimethoxy silane, y^fh- 
acryloxypropyl trimethoxy silane, N-|3-(N-vlnylbenzil- 
am(noethyl)'Y-aminopropyl trimethoxy silane -hydro- 
chloric acid sail, y-glycidoxypropyl irrmelhoxy silane, 
amino silane, ymarcaplopropyl irrmelhoxy silane, me- 
thyl trimethoxy silane, methyl triethoxy ©ilano, vinyllriac- 
etoxy silane, y-chloropropyl trimethoxy silane, hexame- 
thyldi8ilazlne, y-anillnopropyl trimethoxy silane. vinyllri- 
methoxy silane, vinyllrielhoxy silane, vlnyltrls (ft-meth- 
oxyethoxy) silane, octadecyldimethyl [3-(tnmethoxysi- 



lyl) propyl) ammonium chloride. 7-mercaptopropyl meih- 
yldimethoxy silane, methyllrichloro silane, dimethyl- 
dichloro silane and trimelhylchloro silane. 

The trtanate-couphng agent may be exemplilied by 

s isopropyllriiso6tearoyl tilanate. isopropyliridodecyiben- 
zenesulfonyl tilanate, isopropyltris (diociylpyrophos- 
phate) trtanaie tetraisopropylbis (dioctylphosphiie) li- 
lanaie, lotraoclylbis (dilridecylphosphiie) litanale* telia 
(2,2-diaryloxymethyi) bis (ditridecyl) phosphite litanale, 

10 bis (dtociylpyrophospate)oxyacelate tilanate, bis (dioc- 
tylpyrophospate) ethylene litanate, Isopropyltriocianoil 
titanate, fsopropyldimathacrylisostearoyl titanate, iso- 
propylisostcaroyldiacryl titanato, isopropyltri (diodyl- 
phosphato) litanale, isopropyttricumylphenyl litanale, 

*s isopropyltri (N-amidoelhyl - aminoethyl) titanate, di- 
cumylphenyloxyacetato titanate and diisoslearoylethyl- 
en litanale 

The aluminum-coupling agent may be exemplified 
by acetoaikoxyaluminumdiisopropylale. 

20 As a method of forming the layer made of the above- 
mentioned coupling agent on the surface of the collec- 
tor, there may be applied a method of applying either a 
coaling composition obtained by dissolving ihe coupling 
agent into a liquid mixture of water and an organic sol- 

25 venl, or a coating composition obtained by dissolving 
the coupling agent into an organic solvent, onto Ihe sur- 
face of the collector. In this stage, a pH value of the coat- 
ing composition may be adjusted within a range of from 
3 to 5. in order lo promote a hydrolysis action of the cou- 

30 pling agent. As a catalyst for hydrolysis of ihe coupling 
agent, ihere may be Bdded for example hydrochloric ac- 
id, acetic acid or ihe like. In order to promote a dehydra- 
tion action between the coupling agent and the surface 
ol the collector, the applied coupling agent may be heat- 
as ed at a temperature of from 120°C to 130°C. As the 
above-mentioned organic solvent for tho coupling 
agent, there may be used methanol, ethanol, isopropy- 
latcohol, toluene, ben2ene, acetone, tetrahydrafuran, 
coUosotve methyl, or the like. 

40 As a method of applying the coupling agent onto the 
surface of the collector mado of a metallic foil, there may 
be used a conventional coating method such as a gra- 
vure coaling method, a gravure reverse coating method, 
a roll coaling method, a Mayer bar coating method, a 

45 blade coating meihod, a knlle coating method, an air 
knife coating method, a slot die coating method, a slide 
die coaling method, a dip coating method or the [ike. 
The coupling layer preferably has a thickness within a 
range of from 0.001 to 5 u- m in a dried condition. 

so As an active material for the positive electrode used 
in the present invention, Ihoro may be used at least one 
kind or lithium oxides such as LiCoOg. UNi0 2 , LiMn a 0 4 
and the like, and chalcogen compounds such as TlS fi , 
MnO z . M0O3, V 2 O s and Ihe like. As an active material 

55 for the negative electrode, on Ihe other hand, it is pref- 
erable to use metallic lithium, lithium alloy and carbon- 
aclous material such as graphite, carbon black and acet- 
ylene, or material capable of intercalating lithium ions. 
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When LiCoOg is used as the active material lorihc pas- 
itive electrode and the carbon acious material is used ae 
the active malarial for the negative electrode, it is pos- 
sible to obtain a lithium secondary battery having a high 
discharge voltage oi about 4 votl. 

It is preferable to disperse uniformly these active 
materials in Ihe coating layer as formed. For tnis leason, 
ll Is preleruble to usb powder of the active material hav- 
ing a particle si2e ol hom 1 lo 100 u> m and an averago 
particlo size of about 10 a. m. 

As a binder used for the coating composition con- 
taining the above mentioned aclive material in the proc- 
ess of the present invention, there may be used for ex- 
ample thermoplastic resin such as polyester resin, 
polyamide resin, polyacrylic acid-ester resin, polycar- 
bonate resin, polyurethane resin, celtuloso rosin, pory- 
olefin resin, polyvinyl resin, tluororesin. polyimide resin 
or the like, thermosetting resin such as rubber type ms- 
in. acrylic resin, urethane resin or the like; ionl7ing radi- 
ation-setting resin such as aery late monomer, oligomer 
or the rnixlurB thereof: or the mixture of these Kinds of 
resin. 

Description will be given below of a concrete meth- 
od lor preparing the coating composition for the elec- 
trode plate used in the present invention, which contains 
the aclive material. First the binder and the powdery 
active material which are appropriately selected from 
Iho above-described materials, are added to a dispers- 
ing medium comprising an organic solvent such as tol- 
uene, methyl ethyl ketone, N-methylpyrrolidone, the 
mixture thereof or the like, and a conductive agent is 
added to the dispersing medium, as an occasion de- 
mands, to prepare a mixture. The thus prepared mixture 
Is subjected to a mixing and dispersing process with the 
use of ihe conventional drspersing apparatus such as a 
hurnuuemier, a ball mill, a sand mill, a roll mill and the 
like. 

In the preparation of the above-mentioned coating 
composition, a total amount of the active material and 
the binder is preferably within a range of from about 40 
to 60 wt. parti; relative to 100 wt. pans of the whole coal- 
ing composition and the railo of the active material to 
the binder is preferably within a range of from 9:1 to B; 
2. As a conductive agent added as an occasion de- 
mands in Ihe preparation of the coaling composition, 
there may be used for example carbonaceous material 
such as graphite, carbon black, acetylene black or the 
like. 

As a method of applying the coating composition on 
the surface of the collector made of a metallic foil, there 
may be used a conventional coating method such as a 
gravure coating method, a giuvure reverse coaling 
method, a roll coating method, a Mayer bar coating 
method, a blade coating method, a knife coating meth- 
od, an air knifo coating method, a slot die coaling meth- 
od, a slide die coating method, a dip coating method or 
the like. 

The active material layer may bo formed by apply- 
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ing the coaling composition with the use of a coating 
apparatus, the coating apparatus will be described be- 
low with reference to FIG. 1 2. The coating apparatus 10 
comprises an x-axis and y-axis direction driving robot 

s n sndano2zle 12. According to the coating apparatus 
1 0, the coating composition is applied onto the surface 
of the collector 1 to form a coaling composition layer 2b 
by, while discharging Ihe coaling composition contained 
in a liquid container 14 called as a dispenser through 

io the no77le 12 provided at the lower end thereof, on the 
collector 1 which is movable in the Y-dkection on a sup- 
port 1 3 located in parallel with the x-axis and y-axis di- 
rection driving robot 11, moving the liquid container 14 
in the X-direction along the surface of the collector 1. 

75 The coating composition is supplied from a lank 1 6 

to Iho liquid container 1 4 through a flexible pipe 1 5 under 
thfl conlrol ol a controller 17. 

The x-axis and y-axis direction driving robot 11 i& 
secured lo a bridge-shaped frame 19 which te fixed to 

20 a base 18 including the support so as to stride over the 
support 13. The robot 11 includes an x-axis driving 
mechanism 20 which is reclprocatlvery movable in the 
X-direction and supports the liquid container 14. The 
controller 17 for the supply of the coating composition 

2S and the movement ol ihe x-axis driving mechanism 20 
in the X-direction is control led by moans of a controlling 
apparatus 21 provided on the base 18. The discharging 
port at Ihe lower end of the no77le 12 is arranged in ihe 
vicinity of the surface the collector t. The distance be- 
st* tween the discharge port of the nozzle 12 and the sur- 
face of the collector 1 are previously determined so as 
to be consistent with a target thickness of the coating 
composition layer 2b to be lormed by the application of 
ihe coating composition. 

a* The controlling apparatus 2t controls the driving of 
• the x-axis driving mechanism 20 as described below. 
According 10 atypical example ol a conlrol piogiam, 
the liquid container 14 having the nozzle 1 2 Is reciproc- 
atrvely and linearly moved in the X-direction by means 
of the controlling apparatus 21, and the suppon 13 is 
carried in the Y-direclion by a prescribed pitch. Hore, tho 
above-mentioned pilch is previously determined not So 
as to become larfler than a width of a coaling composi- 
tion applied by the nozzle 12, thus making it possible lo 

<s prevent a gap from being formed between linear narrow 
coating layers which are adjacent to each other in the 
Y-direction, to permit ihe coaling of the entire area on 
the basis of the prescribed pattern. 

The pitch in the width direction of the linear coating 

so layers may be determined depending upon parameters 
such as a diameter of the discharge port of the nozzle 
1 2, a discharging pressure, viscosity of the coaling com- 
position and its surface lension 

The controlling apparatus 21 is previously pro- 

55 gramrned so that, when the collector 1 is carried in the 
Y-o'irection by one pitch after the completion of the for- 
mation of one linear narrow coating layer by the driving 
of tho nozzle 12 in the X-direclion, the application of 
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pressure to the liquid container 1 4 is ceased to slop the 
discharge of ihe coating composition from the nozzle 12 

Then, description will be given the step ol applying 
Ihe coating composition on the collector 1 wiin the use 
of ihe coating apparatus 10 

The coating composition is supplied to the liquid 
container 14 under the control of ih© controller 17, and 
ihe liquid eoniainer 14 having the nozzle 12 is simulta- 
neously moved linearly m Ihe X-direciion by means of 
the x-axis driving mechanism 20, to form the first linear 
narrow coating composition layer. The pressure applied 
to the liquid container 1 4 is kept constant during the tor 
mation of the linear narrow coating composition layer. 

Alter the completion of the formation of ihe Nrsl lin- 
ear narrow coating composition layer, the discharge of 
the citing composition from Ihe nozzle 12 Is slopped, 
and accordingly it is possible to prevent the ihicknese of 
the end portion of the linear narrow coating composition 
layer 2b from becoming larger than that of the other por- 
tion thereof. 

Then, the collector 1 is earned in the Y-d free lion by 
one pitch, and the nozzle 12 is driven in the opposite 
direction to the forming direction of the first linear narrow 
coating composition layer by the x-axis driving mecha- 
nism 20, to form the second linear narrow coating com- 
position layer. 

L plurality ol linear narrow coating composition lay- 
ers tro formed by repeating the above-mentioned steps 
so as to form the coating composition layer 2b. The thus 
formed coaling composition layer 2b is dried to form the 
coating layer 2. Thus, the coating composition can be 
applied to the collector 1 by controlling the movement 
of ihe no77le in the X and Y-diredions by means of the 
conir oiling apparatus 21 , and carrying the collector l 

The discharge port at the lower end of the nozzle 
12 ot the coaling apperaius 10 may have a uiiculai or 
oval cross-sectional shape, or may have a slit-shape. 
The nozzle 1 2 may comprise a multiple-typo nozzle hav- 
ing a plurality of small nozzles, the use of the nozzle in 
which the discharge port has the oval cross-sectional 
3hapc or the slit-shape, permits lo increase the width of 
the linear narrow coating composition layer, thus in- 
creasing Ihe coaling velocity. 

Although the coaling app&ralue Is described lo have 
a single nozzle 12. a plurality of nozzles 1 2 may be pro- 
vided at a prescribed interval which is an integral multi- 
ple ot the pitch in the linear narrow coating composition 
layers in the Y-direction. 

In this case, both of the distance between the "Nth 
nozzle and the 'N-M "th nozzle in Ihe Y-direction. and the 
distance between Ihe "N+2'th nozzle and the "Nhl'th 
nozzle In the Y-direction are previously determined to 
be identical with an integral multiple of the pitch in Ihe 
linear narrow crating composition layers in ihe Y-direc- 
tion. and the former distance is previously determined 
to be Identical with the Jailer distance. The respective 
nozzles may be driven in synchronization with each oth- 
er or may be driven tn non- synchronization with each 



other. 

The use of the plurality ot nozzles permits lo in- 
crease the coating velocfty, since the application of the 
coaling composition is carried out by the plurality ol noz- 

« zles. Although there is described that, in coaling appa- 
ratus 10, the coating composition Is applied on the col- 
lector 1 by moving the collector 1 in the Y-dircction and 
moving ine liquid conlainei 14 in the X-diieciion by 
means of the x-axis driving mechanism 20, The coaling 

io apparatus used in the present invention is nol limited 
only to the above-described type of the apparatus, and 
the application of the coating composition may be car- 
ried out by stationary arranging Ihe collector and mov- 
ing Ihe liquid container 14 in the X and Y-directions. 

is Although In ere Is described lhat, in ihe coaling ap- 
paratus 10, the distance between the nozzle 12 and the 
surface ol the collector 1 is previously determined to be 
identical with the target thicknefte of the coating compo- 
sition layer 2b, the present invention is nol limited only 

20 to such an arrangement, and the linear narrow coating 
composition layers may be formed by dripping the coal- 
ing composition in Ihe form of threads Irom the nozzle 
12 which is apart from the collector 1 by a relatively long 
distance. 

2S The distance between the nozzle 1 2 and the collec- 
tor 1 may previously be determined to be smaller than 
ihe target thickness of the coating composition layer 2b. 
and the application ot the coating composition may be 
carried oui in such an arrangement 

30 Then, ihe drying siep is carried oux lo remove the 
dispersing medium rrom the coating composition layer 
2b lormed as described above in the following manner, 
to prepare an active material layer. 

As a heat source in the drying step, there may be 

& used hot air, infrared radiation, microwave, higti-lre- 
queu .y wave, or Ihe combination Iheieol. The coaling 
composition layer may be dried by heal radiated from 
the metallic roflers the metallic sheet end the like which 
support the collector 1 in the drying step. The active ma- 

40 terial layer has a thickness ol from 10 to 200 u m. pref- 
erably of from 50 to 1 50 n m. Tho coating amount of the 
coating composition is previously determined so that the 
resultant active material layer has a thickness within tho 
above-mentioned range. In order to improve homoge- 

45 neousness of tho coating layer formed by carrying out 
the above-described applying and drying steps, there 
may be added lo the drying step, a step of pressing softly 
a film having a flat surface made of a polyethylene 
terephthalate. or the like on the surface of the coating 

So layer, and then, peeling the film therefrom to make the 
surface of the coaling layer smooth, in case where the 
secondary baiiery Is produced with the use of the elec- 
trode plate of the present invention, which has been pre- 
pared in Iho above-described manner, il is preferable to 

55 apply a heating treatment and a decompression treat- 
ment to the electrode plate prior to the assembling step 
of the secondary battery, in order to remove moisture in 
the coattng layer of the electrode plate, which contains 
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Ihe active material. 

The peeling sheet used for peeling the active ma- 
terial layer formed in the aforementioned manner on the 
basis ot the prescribed pattern in the present invention, 
is a porous sheet impregnated with the thermoplastic 
resin. As a porous sheet, there may be used malerial 
having excellent impregnation property wilh the thermo- 
plastic resin, (or example, woven (abiiu cloth, Knitted 
cloth, nonwoven labnc cloth, oi the like. The porous 
sheet preferably has a good adhesrvity to the active ma- 
terial layer impregnated with the thermoplastic resin as 
shown m FIG. 1 1 . It te more preferable to use nonwoven 
fabric cloth satisfying the above-described requiremnts. 
The more preferable nonwoven fabric cloth has a suffi- 
cient thic knees and a large porosity so as to permit the 
impregnation wilh the thermoplastic lesln and the peel- 
ing of the active material layer It is preferable to use 
nonwoven fabric cloth having an uniform fibroid form, in 
order to permit tho uniform peeling otthe active material 
layer. 

The peeling sheet used in the present invention is 
obtained by the sufficient impregnation of the above- 
mentioned porous sheet with the thermoplastic resin. 
Other lhan the Hbove-mentioned thermoplastic resin, 
there may be used material which is easily melted by 
heat, tor example, low-molecular weight polyethylene, 
polypropylene, derivatives thereof, many kinds of wax, 
or the like. Such materials preferably have a heat resist- 
ant properly, and a poor adhesivity to the collector made 
of the metallic foil as well as a low extensibility for the 
precise formation of the non-coaled portion on the basis 
ol the prescribed pattern. 

in view of The object of the present invention, the 
thermoplastic resin preferably has a melting point of 
from lOO a C to 250° C, and more prelerably of form 
120 9 C lo 17G°C. When the melting point of the thermo- 
plastic resin is excessively low, it sol tens at a room tem- 
perature, leading to hard handling thereof and a poor 
productivity of the electrode plate. When the melting 
point thereol is excessively high, on the other hand, 
there occurs uneconomical problem in energy, and the 
collector as a substrato may bo damaged when causing 
the impregnation of the active material layer with the 
thermoplastic resin. 

The thermoplastic resin preferably has viscosity of 
from 100 to 50.000 cP when the melting thereol, and 
more preferably of from 400 to 6.000 cP. When the vis- 
cosity of the thermoplastic resin is excessively high, 
lhare occurs uneconomical problem in energy, When 
the viscosity thereof is excessively low, the thermoplas- 
tic resin in a molten state lends to spread over in the 
inside of the active material coating layer 2 in a direction 
along a plane parallel lo the surface thereof by the cap- 
illary phenomenon, thus making it impossible to form a 
sharp pattern. 

Polyethylene or polypropylene suitably used as the 
thermoplastic resin in the present invention may be ex- 
emplified by that of a non-oxldbed low density typo, a 
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non-oxidized middle density type, a non-oxidized high 
density type, an oxidized low density type, an oxidized 
middle density type* an oxidized high density type, a 
non-polarity type, a polarity type, a tine powdery type or 

5 the like, and any one of them is applicable to the present 
invention. Such a thermoplastic resin may be permeat- 
ed through the sheet such as Ihe above-mentioned non- 
woven fabric Cloth by any conventional method, lor ex- 
ample, a method of immersing the nonwoven fabric 

10 cloth into the thermoplastic resin in the molten state, lo 
cause the Impregnation of the nonwoven fabric cloth 
with the thermoplastic resin. An amount of permeated 
thermoplastic resin is preferably within a range of from 
about 50 to about SOOg/m 2 , depending upon the thick- 
15 ness of the active material layer to be peeled. 

In the present invention, the above-mentioned peel- 
ing eheel is placed, as shown in FIGS 7 to 11, on the 
active malerial layer formed in the above-described 
manner, and then the active material layer is partially 
£0 peeled on the basis of the prescribed pattern. In this 
case, there may be used a pressure heating body such 
as for example a flat plate press, a roll press, or the like. 
Although the pressure required for the flat plate press is 
determined In relation to the heating temperature, it is 
2* preferably in a range of from 10 to 1 .OOOkgf/cm 2 . Al- 
though the pressuro required for the roll press is also 
determined in relation to the healing temperature, it Is 
preferably in a range ol from 5 to 500kgf/cm 2 , 

When the peeling sheet is heat-pressed on the ao- 
so tive material layer, it is preferable to carry out the heating 
from tho side of the collector. II the heating is carried out 
from the side of the peeling sheet, the thermoplastic res- 
in easily tends to be in a molten state, with the result 
that the thermoplastic resin may spread over a portion 
3* ot the active material layer other lhan the portion to be 
pooled, thus causing an unfavorable problem. There 
may be provided an appropnale means for maintaining 
a prescribed distance between the pressure heating 
body and the active material layer, so as to prevent the 
to thermoplastic resin from being spread over the non-iar- 
gei portion ol the active material, and to preveni the 
peeling sheet from being collapsed during the heat- 
pressng step. The prescribed distance between the 
pressure heating body and the active malerial layer is 
45 preferably within a range of from 10 to 600 u m which is 
identical with the thickness of ihe peel rig sheet. After 
the completion of the heat-pressing step and the cooling 
step, even when the portion of the active material layer 
may not be pealed together with the peeling sheet, such 
so a portion may easily be peeled by Ihe other appropriate 
peeling means, since the thermoplastic resin permeates 
into the portion to bo peeled of fhe aciive malerial layer, 
through which the portion thereof adheres lo the collec- 
tor in a relatively small strength. For example, tension 
$s is applied to the collector as a substrate during the peel- 
ing step, to lift up the ponton to be pBeled of the active 
material layer so as to remove same. Alternately, the 
portion thereof may be blown off with air. 
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In case where tho lithium secondary battery is pro- 
duced with tho use of the thus prepared electrode 
plates, as positive and negative plates, of the present 
invention for a secondary battery with a nonaqueous 
electrolyte, there is used, as an electrolyte, a nonaque- 
ous electrolyte which is obtained by dissolving lithium 
salts as solute into an organic solvent. 

As lithium salts as solute foiming the nonaqueous 
electrolyte, there may be used inorganic lithium salt 
such as LiCIG 4> LiBF 4 , UPr 6 , LiAsF 6 . LiCI, UBr or tho 
like, or organic lithium salt such as UB(C 6 H S ) 4 > UN 
(S0 2 CF 3 ) 2 , LiC(SOaCF3)3, LiOS0 2 CF 3 . LIOS0 2 C 2 F 5 , 
LiOSO a C 3 F 7 , LIOS0 2 C 4 F q , LiOS0 2 C 5 F 11t 

LlOSOAjF-,3, LiOS0 2 C 7 F l5 , or the like. 

In this stage, there nnay be used, as an organic sol- 
vent, cyclic esters, chain esters, cyclic ethers, chain 
ethers or tho like. 

The cyclic esters may be exemplified by propylene 
carbonate, butylene carbonate, 7-buthyrolactone. vi- 
nylene carbonate. 2-methyt-y-buthyrolacione, acetyl- y- 
bulhyrolaclone and -r-vaierolactone. 

The cham esters may be exemplified by dimethyl 
carbonate, diethyl carbonate, dibutyl carbonate, d I pro- 
pyl carbonate, methyl othyl carbonate, methyl butyl car- 
bonate, methyl propyl carbonate, ethyl butyl carbonate, 
ethyl propyl carbonate, butyl propyl carbonate, propion- 
ic acid alkyl ester, rnafonic acid dialkyl ester and acetic 
acid alkyl ester. 

The cyclic ethers may be exemplified by tetrahydro- 
furan, alkytteirahydroturan, dialkyltetrahydrofuran. 
alkoxyietrahyciroturan, dialkoxytetrahydroturan, 1,3-di- 
oxolan, alkyM-3-dioxoian and 1 ,4-droxoian. 

The chain ethers may be exemplified by 1 ,2-dimeth- 
oxyetnane, 1 ,2-diethoxyethane, diethyl ether, ethylene 
glycol diaikyieiher. dietnylene glycol dialkyieiher. Meth- 
ylene glycol olialkylethcr and leiraethylene glycol di- 
al Ky let her 

Now. the present invention In the third group will be 
described in detail below. 

Tho electrode plate 01 the present invention in the 
third group may be composed, as in the present inven- 
tion in the second group, either of an original sheet hav- 
ing a series of plural plates us shown in FIG. 7(a), or of 
a single plate 'which is obtained by cutting the original 
sheet along lateral lines as shown in FIG 7(a) In FIG 
8. a terminal 7 is connected to a portion of the surface 
of the collector, which is exposed on the basis of the 
preserved pattern, 

The electrode plate of the present invention in the 
third group in which an active material layer is partially 
peeled on the basis of the prescribed pattern, can be 
produced in a manner as shown In FIGS. 13 and 14, 
More specifically, an active material layer 2 comprising 
active material layer and a binder Is formed on a collec- 
tor by applying a coating composition thereon, and then, 
the thus formed active material layer is heated. Although 
any conventional heating method may be applied, it is 
preferable to h«:et the active material layer from the side 
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of the collector 1 with the use ol an appropriate hewling 
means such as a hoi plate as shown in FIGS. 13 and 
1 4, A heBting temperature is kept over or equal to a tem- 
perature at which a formed body made of thermoplastic 

5 resin is melted, tor example in a range of from 30 to 
250°C. preferably of from 70 to 150°C. When tho active 
material layer 2 is heated, a formed body made ot ther- 
moplastic resin having substantially the same 6ize as 
tho portion to be peeled of the active material layer 2 is 

to placed on a prescribed portion of the active material lay- 
er 2 In this stage, when the active material layer 2 is 
sufficiently heated, a pressing force as shown in arrows 
in FIG. 13, is not always required to be applied lo the 
formed body 22. It is however preferable to apply pres- 
is sure lo the extent that the formed body 22 made of thor- 
moplastic resin is not largely deformed, in ordor to pro- 
mote the impregnation velocity of the thermoplastic res- 
in which is in h molten siatc. 

After the completion of the Impregnation of the ther- 
2Q mopiaslic resin, only the hot piatB 23 is moved down- 
wardly, and then the colfector 1 and the active material 
layer 2 impregnated with the thermopiaslic resin are 
kept at a room temperature, or subjected 10 a lorced 
cooling. Alternately, the healing ot the thermoplastic res- 
2S in from tho side of the collector 1 is stopped, and then 
the collector l and the active material layer 2 impreg- 
nated with the thermoplastic resin are kept at a room 
temperature, or subjected to a forced cooling. Then, the 
thermoplastic resin permeating through the active ma- 
de terial layer 2 rapidly solidifies, with the particles therein 
surrounded by the thermoplastic resin. In this stage, 
wnen the formed body 22 made ol the thermoplastic res- 
in is peeled, the portion 2a ol the active material layer 2 
impregnated with the thermoplastic resin can also be 
05 peeled together with the formed body 22, since the ad- 
hesive strength between the formed body 22 made of 
the thermoplastic resin end the active material layer 2 
is remarkably larger than the adhesive strength between 
the collector 1 and the active material layer 2. The non- 
40 coated portion (i.e., peeled portion) having a sharp edge 
can easily bo formod on the collector 1 on the basis of 
the prescribed pattern in this manner. 

FIG. 15 is a descriptive view illustrating the other 
embodiment of the present invention. In the embodi- 
es menl as shown in FIG. 15, there ts used a formed body 
made of thermoplastic resin having substantially the 
same width as a prescribed width of the peeled portion 
to be formed ot the active material layer 2 for the pur- 
pose of continuous impregnation of the portion to be 
so peeled of the active material layer 2, whereas in the em- 
bodiment as shown in FIG 1 4, there is used the formed 
body 22 made of Ihe thermoplastic restn having sub- 
stantially the same size as the portion to be peeled ot 
the active material layer 2. 

More specifically, the active material layer 2 is heat- 
ed, as in the embodiment shown in Fig. 14, to a pre- 
scribed temperature, and the aclrve material layer 2 is 
continuously moved in a direction of an arrow shown in 
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FIG. 15 to bo impregnated with mo thermoplastic resin , 
while pressing the formed body 22 made of the thermo- 
plastic resin on the heated surface of the active material 
layer. The moving velocity in the above-mentioned step 
is determined so thai Ihe active material layer is impreg- 
nated with the thermoplastic resin fn a sufficient amount 
thereol, taking into consideration a melting point or a 
softening point ot the formed body 22 and a tempera lure 
of the active material layer 2. 

TIG. 1 6 show3 an example of a step of pooling the 
active male rial layer 2 impregnated with the thermoplas- 
tic resin in accordance with the step as shown in FIQ. 
15. PlG. 161(a) shows the thermoplastic resin in a solid- 
fried condition after the impregnation step and the cool- 
ing step. When the electrodo plalo is bent to form a gen- 
tle curved surface as shown in FIG. 16(b) in Ihe above- 
mentioned i;tate, cracks 24 lend to easily occur not only 
at Ihe boundary beiween the impregnated portion 2a of 
the active material layer 2 and the non-impregnated por- 
tion thereof, but also in the impregnated portion itself, 
since the impregnated portion of the active material lay- 
er 2 has a large density to be hard and brittle, whereas 
there is no occurrence of cracks and the peeling in Ihe 
non-impregnated portion of the active material layer 2, 
due to the binder contained in the non-impregnated por- 
tion thereof. When the polypropylene wax is used, such 
a phenomenon occurs remarkably. The above-men- 
tioned cracks may occur through the shrinkage of the 
impregnated portion of the active material layer 2, when 
cooling it. 

In addition, the adhesive strength between the col- 
lector 1 and the thermoplastic resin in the impregnated 
portion of the active material layer 2 is smaller than that 
in the non- impregnated portion thereof- H is therefore 
possibio to easily peel the impregnated portion of the 
active matenal layer 2 by scraping softly the impregnat- 
ed portion, or blowing air thereto in a state as shown in 
FIG. 1 6(b) or a slato in which the electrode plate is re- 
stored from the bending condition. The non-coated por- 
tion (i.e., pee led ponton) having a sharp edge can easily 
bo lormcd on the collector 1 on the basis of the pre- 
scribed pattern in this manner. With respect to a method 
of impregnating the active material layer 2 with the ther- 
moplastic resin, there may be used a method of impreg- 
nating the active material layer ? wtththe thermoplastic 
resin by arranging a formed body made of thermoplastic 
resin and having a prescribed pattern on the active ma- 
terial layer 2 and heating the active material layer 2, or 
another method of pressing a formed body made of ther- 
moplastic resin and having a prescribed pattern on the 
heated active material layer 2 at a prescribed pressure 
to melt the thermoplastic rosin which is in contact with 
the active material layer 2 and to impregnate the active 
material layer 2 with the thermoplastic resin. With re- 
spect to the &tep of peeling the Impregnated portion 2a 
ol the active material layer 2, there may be used any 
one of a method of vibrating ihe electrode plate, a meth- 
od ol applying tension to the collector 1 to lift Up the im- 
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pregnated portion 2a. a method of peeling it with the use 
of an adhesive tape , to which the present process ot the 
present invention is not however limited. 

As the lortned body made ol the thermoplastic resin 

s tor peeling ihe impregnated portion 2a of the active ma- 
terial layer 2 in the present invention, there may be used 
material which is easily melted by heat. I.e., thermoplas- 
tic resin generally used, as well as for example, low-mo- 
lecular woight polyethylene, polypropylene, derivatives 

io thereof, many kinds of wax, or the like. Such materials 
preferably have a heat resistant property, and a poor ad- 
hesivily to the collector made of the metallic foil as well 
as a low extensibility for the precise format ion of tho non- 
ooated portion on the basis ot the prescribed pattern. It 

fS is also possible to impregnate the active material layer 
with polyethylene by cutting a film made of low molecu- 
lar weight polyethylene into a prescribed shape to form 
a formed body, placing Ihe thus formed body on a por- 
tion to be peeled of the active material layer, and then 

20 melting the formed body with a prescribed pressure with 
the use of a heat plate. 

In view of the object of the present invention, the 
above-described thermoplastic resin preferably has a 
melting point of from 20°C to 2BQ W C, and more prefera- 

25 oty ol lorm 60°C to 150*0 When the melting point of 
the thermoplastic resin is excessively low, it softens at 
a room temperature, leading to hard handling thereof 
and a poor productivity of the electrode plate. When the 
melting point thereof is excessively high, on the other 

30 hand, there occurs uneconomical problem m energy, 
and the collector as a substrate may be damaged when 
causing the impregnation of the active material layer 
with the thermoplastic resin. The thermoplastic resin 
preferably has viscosity ol trom 100 to 50,000 cP when 

3S (he melting thereof, and more preferably ol from 400 to 
6,000 cP: When the viscosity of the thermoplastic resin 
is excessively high, there occurs uneconomical problem 
in energy. When the viscosity thereof is excessively low. 
ihe thermoplastic resin In a molten state lends to Spread 

40 over in the inside of the active material coating layer 2 
in a direction along a plane pa rallcl to the surf ace thereof 
by the capillary phenomenon, thus making it impossible 
to form a sharp pattern 

Polyethylene or polypropylene suitably used as the 

45 thermoplastic resin in ihe present invention may he ex- 
emplified by ihat of a non-oxldi7ed low density type, a 
non-oxidized middle density type, a non-oxidized high 
density type, an oxidized low density type, an oxidized 
middle density type, an oxidized high density type, a 

so non-polarity type, a polarity type, a fine powdery type or 
the like, and any one ot them is applicable to the present 
invention. There is used a formed body mado of such a 
thermoplastic resin having an appropriate shape. 

It is necessary for the molten thermoplastic rosin lo 

83 permeate through fine cavities in the coating layer 2 so 
as to reach the boundary between the collector land the 
active material layer, if the molten thermoplastic resin is 
solidified before it reaches the boundary therebetween, 
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a portion to be removed ol the coaling layer 2 may be 
loft non-pooled even when the resln-impregnated por- 
tion is peeled from the collector 1 . In order 10 solve the 
above-mentioned problem, the collector i may suffi- 
ciently be heated to delay the solidification ot the ther- 
moplastic resin, or Ihe thermoplastic resin having low 
viscosity may be selected to increase the permeating 
velocity ol thereof, or iho thermoplastic resin may be 
kopt at a sufficiently high temperature lo delay the so- 
lidification thereof. 

In case where there is applied a method of applying 
the thermoplastic resin in a molien state on the active 
material layer, according as a thickness ol tho active ma- 
terial layer is increased, there is required a long period 
of lime of several ten seconds for the completion of per- 
meation of tho thermoplastic rosin . There may be a case 
that completes permeation of thn thermoplastic resin 
through the boundary between the active material layer 
and the collector cannot be achieved by one step, even 
when a lot of time is taken. According ly, when the active 
material layer has a large thickness, one permeation 
step may require a period of time of from several ten 
seconds lo several minutes, or the same permeation 
step must be rep sated, as an occasion demands 

When thero Is used, in replacement of the step of 
applying the molten thermoplastic resin onto the active 
malarial layer, a step of pressing the formed body made 
of the thermoplastic resin lo the active material layor, to 
cause only the portion of the thermoplastic resin, which 
is in contact with the active material layer, to be melted 
so as to permeate through the active material layer, it is 
possible to cause the thermoplastic resin to reach the 
surface ot the collector for few seconds, ihus permitting 
remarkable reduction In time required for forming the 
non-coating portion (i.e., the peeled portion) on the ba- 
sis of the pi escribed pattern. 

Description will be given of each of materials of 
which the electrode plate is composed, in case where 
the process of the present invention is applied to the 
production of tho electrode plate lor a secondary battery 
with a noaquoous eloctrotyle. The secondary battery 
with a nonaqueous electrolyte may be exemplified by a 
lithium secondary battery, and is characterized in the 
use ol the nonaqueous organic solvent as an electrolyte. 
For example there is used an electrode plate in which 
the coating layer (i.e., the active material coating layer) 
containing the active material for the electrode is formed 
on the collector made of a meta llic foil and the nonaque- 
ous organic solvent is used as an electrolyte. In this bat- 
tery, charge and discharge can be performed by Inter- 
change ol electrons during the movement of a lithium 
ion between the positive electrode and the negative 
electrode. 

As a collector used in the electrode plate ol the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it is prelerable to use a metallic foil 
such as for example an aluminum foil, a copper loil or 
tho like. Such a metallic foil preferably has a thickness 



of from about 10 \x m to about 30 u. m. 

In the present invention, either the active material 
layer for the positive electrode, or the active material lay- 
er lor the negative electrode is formed on the collector 

5 1 . a coupling agent layer may be formed on the surface 
of the collector 1 in order to improve the adhesivity be- 
tween the collector 1 and the active material layer ror 
Ihe positive or negative electrode. As a coupling agent 
used for the formation of tho coupling agent layer, there 

10 may be used a coupling agent having an excellent ad- 
hesivity to both of the collector 1 made of a metallic foil 
and the active material layer, which is appropriately se- 
lected from tho coupling agents such as a silano-cou- 
pling agent, a titanaie-eoupling agent, an aluminum- 
's coupling agent and the like. 

As an active material for the positive oloctrodo used 
in the present invention, there may be used at leasl one 
kind ol lilhium oxides such as LiCoO £ , LfNi0 2 , LiMn 2 0 4 
and the like, and chaleogen compounds such as TiS £ . 
MnO;*. MoQj. V 2 O s and the like. As an aciive material 
lor the negative electrode, on the other hand, it is pref- 
erable to use metallic lithium, lithium alloy and carbon- 
aceous material such as graphite, carbon black and acet- 
ylene, or material capable of intercalating lithium ions. 

25 When LiCo0 2 is used as the active material for the pos- 
itive electrode and the carbonacious material is used as 
the active material lor the negative electrode, it is pos- 
sible to obtain a lithium secondary ballery having a high 
discharge voltage or about 4 volt. 

30 it is preferable to disperse uniformly these active 
materials in The coating layer as formed. For this reason, 
it Is preferable to use powder of the active material hav- 
ing a particle size o1 Irom 1 to 100 H m and an average 
particle size of about 10 m m. 

35 As a binder used Tor the coating composition con- 
taining the above-mentioned active material in the proc- 
ess of the present invention, there may be used for ex- 
ample thermoplastic resin such as polyester resin, 
poryamide resin, polyacrylic acid-ester resin, polycar- 

*o bonate resin, potyurethane resin, cellulose resin, poly- 
olefin resin, polyvinyl resin, fluororesin, potyimido resin 
or the like; thermosetting resin such as rubber type res- 
in, acrylic resin, urelhune lesin or the like; ionizing radi- 
ation-setting resin such as aery late monomer, oligomer 

45 or the mixturo thereof; or the mixture of these kinds ol 
resin. 

Description will be given below of a concrete meth- 
od tor preparing the coating composition for the elec- 
trode plate used in the present invention, which conlains 

£0 (he active material. First, the binder and Ihe powdery 
active material which are appropriately selected from 
the above-described materials, are added to a dispers- 
ing medium comprising an organic solvent such as tol- 
uene, methyl ethyl ketone, N-methyl-2-pyrrolidone, the 

SS mixture thereof or the like, and a conductive agent 13 
added to the dispersing medium, as an occasion de- 
mands, to prepare a mixture. The thus prepared mixture 
is subjected lo a mixing and dispersing process with the 
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use of ihe conventional dispersing apparatus such as a 
homogenizer, a ball mill, a sand milt, a roll mill and the 
iiko. 

In the preparation ol the above-mentioned coating 
composition, a total amount ol the active material and * 
the binder is preferably within a range ot trom about AO 
to 80 wl. parts relative to 100 wt. parts ol the whole coat- 
ing composition, and Ihe ratio of the active material Lo 
the binder is preferably within a range ol Irom 9:1 to 8: 
2. As a conductive agent added as an occasion do- 
mands in the preparation of the coating composition, 
there may be used for example carbonacious material 
such as graphite, carbon black, acetylene black or the 
l*ke. 

As a meihod of applying the coating composition on 
the surface o1 the collector made of a metallic foil, there 
may be used a conventional coating meihod such as a 
gravurc coating method, a gravure reveres coating 
method, a roll coating method, a Mayor bar coating 
method, a btede coating method, a knife coating meth- 
od, an air knif a coating method, a slot die coating meth- 
od, a slide die coating method, a dip coating method or 

Ihe hke. 

Then, the drying step is earned out lo remove ihe 
dispersing medium from the coating composition layer 
2b formed as described abovo in the following manner, 
to prepare an active material layer. As a heat source in 
the drying step, there may be used hot air, infrared ra- 
diation, microwave, high-frequency wave, or the combi- 
nation thereof. The coating composition layer may be 
dried by heat radiated from the metallic rollers, the me- 
tallic sheet, and the like which support ihe collector 1 in 
the drying step. The active material layer has a thick- 
ness of from 1 0 to 200 u m. preferably of rrom 50 to 150 
Li m. The coating amount of ihe coating composition Is 
previously del'srmmed so thai Ihe resultant active ma- 
terial layer has a thickness within the above-mentioned 
range. 

The coating layer obtained by carrying out the 
above-mentioned applying and drying steps Is prefera- 
bly subjected to a pross treatment with the use of a me- 
tallic roll, a hoatfng roll, a sheet pressing machine or the 
like, to prepare the electrode plate of the present inven- 
tion, in order to improve homogeneousness of the coat- 
ing layer. The pressing condition of from 50Dkgf/cm 2 to 
7.500kgf/cm 2 , more preferably of from 3.000kg f/cm 2 to 
5.000kgf/crn 2 may be applied lo the above-described 
press treatment. With a pressing force of under 500kgf/ 
cm 2 , the homogeneousness of the coating layer may not 
sufficiently be improved, With a pressing force of over 
7,500kgf/cm 2 , tho otoclrodo plato itself including the col- 
lector may be broken, thus causing an unfavorable prob- 
lem In case where the secondary battery is produced 
with the use of the electrode plate of the present inven- 
tion, which has been prepared in the above-described 
manner, It is prelerable to apply a heating treatment and 
a decompression treatment lo the electrode plate prior 
to the assembling step of the secondary battery, in order 



to remove moisture in the coating layer of the electrode 
plate, which contains, the active material. 

in case where the lithium secondary battery is pro- 
duced with the use of the thus prepared electrode 
plates, as posiirvo and negative plates, of the present 
invention for a secondary battery wiih a nonaqueous 
electrolyte, there is used, as an electrolyte, a nonaque- 
ous electrolyte which is obtained by dissolving lilhium 
setts as solute into an organic solvent. 

As lithium salts as solute forming the nonaqueous 
electrolyte, there may be used inorganic lithium salt 
such as LiCI0 4 , LiBF 4 , LiPF e , LiAsF 6 , LiCl. LiBr or the 
like, or organic lithium salt such as LiB{C 6 H 5 ) 4 , LiN 
(S0 2 CF 3 ) 2 . LiC(S02CF 3 ) 3l UOSO2CF3, UOS02C 2 F s , 
LOSO e C 3 F 7l LiOSOsC^Fg, LlOSC^CgF,,, 

LiOS0 2 C 6 F l3 , LiOS0 2 C7F, 5 , Oi the like. 

In this stage, there may be used, as an organic sol- 
vent, cyclic esters, chain esters, cyclic ethers, chain 
ethers or the like. 

The cyclic esters may be exemplified by propylene 
carbonate, butylene carbonate. Y-bulhyrolaclone, vr- 
nylone carbonate, 2-methyl- y-buthyrolactone, acetyl- y 
buthyrolactone and Y-vaieroiaciorie. 

The chain esters may be exemplified by dimethyl 
carbonate, diethyl carbonate, dibutyl carbonate, dipro- 
pyl carbonate, methyl ethyl carbonate, methyl butyl car- 
bonate, methyl propyl oarbonate. ethyl butyl carbonate, 
ethyl propyl carbonate, butyl propyl carbonate, propion- 
ic acid alkyl ester, malonic acid dialkyl esler and acetic 
acid alkyl ester. 

The cyclic ethers may be exemplified by tetrahydro- 
furan, alkylletrahydroturan, dialkyltelrahydrofuran, 
atkoxytetrahydroturan, dialkoxytetrahydroluran, i,3-di- 
oxo lan, aikyl-1 ,3-dioxplan and 1 ,4-dk>xolan. 

The chain ethers may be exemplified by 1 ,2-dlmetrv 
oxyethane, 1,2-diethoxyelhane, diethyl ether, ethylene 
glycol dialkylether, diathytene glycol dia Iky tether, Meth- 
ylene glycol dialkylether and Lelraelhylene glycol di- 
alkylether. 

Now, the present invention in the fourth group will 
be described in detail below 

The process of the present invention m the fourth 
group comprises a preparation step, an impregnation 
step, a solidification step and a peeling step. FIG. 17(a) 
illustrates the preparation slap, FIG 1 7(b) illu&iraiaR the 
impregnation step, FIG. 17(c) ill us I rales the solidifica- 
tion slep and FIG. 17(d) illustrates the peeling step. 

(a) Preparation step 

A porous coating layer 2 is formed on a collector 1 
as a substrate by applying a coating composition for an 
electrode plate, which comprises active material and a 
binder onto the collector 1 , and drying same, as shown 
in FIG. 17(a). 

As a collector used in the electrode plate of the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it is preferable lo use a metallic foil 
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such as loi example an aluminum foil, a copper loil or 
the like. Such a metallic loll preferably has a thickness 
ol from about 10 a m to about 30 n m. 

The active material may be classified into an active 
material for ihe positive electrode and an activo material 
for the negate electrode. As an active material for the 
positive electrode used in the present Invention, ihere 
may be used at leasl one- kind ol lithium oxides such as 
LiCc0 2 . UNiO^ LiMn 2 0 4 and The like, and chalcogen 
compounds such as TiS 2 , Mn0 2 , M0O3, VgOs and the 
like. The active material mentioned above may be used 
alone or in combination with the other active material. 
As an activo material torthe negative electrode, it is pref- 
erable to use lithium -containing metal such as metallic 
lithium and lithium alloy, or carbonacious material such 
as graphite, carbon black, acetylene or the like. When 
LiCoOj is used as the active material for the positive 
electrodo and the carbonacious material is used as the 
active material for the negative electrode, it is possible 
to obtain a lithium secondary battery having a high dis- 
charge voltage of about 4 volt. It la preferable to disperse 
uniformly these active materials in the coating layer as 
formed. For this reason, it is preferable to use powder 
of the active material having a panicle size of from 1 to 
100 p. m and an average particle size ol about 1 0 m. 

The binder for preparing the active material coating 
composition for the electrode plate is required to be 
chemically stable against the nonaqueous electrolyte, 
insoluble in the electrolyte, and soluble in a certain sol- 
vent to be able to be applied to the surface of the sub- 
strata in ihe form of thin film. As a binder used in the 
process ol the present invention, there may be selec- 
tively used for oxample thermoplastic resin, i.e., polyes- 
ter resin, potyamide resin, poiyacryltc acid-ester resin, 
polycarbonate resin, poiyurethan© resin, cellulose reein, 
poiyolelin resin, polyvinyl resin, fkjorcresin and polyim- 
Ide resin. In this case, compounds in which reactive 
lunctional group is introduced (i.e , acrylate monomer 
or oligomer) may be simultaneously mixed The acrylate 
monomer and the oligomer may be used alone or in 
combination. 

Description will be given below ol a concrete meth- 
od for preparing ths coating composition for the elec- 
trode plate used in the present invention, which contains 
the aclive material. Ftrsi, the binder and the powdery 
active material which arc appropriately selected from 
the above-described materials, are added to a dispers- 
ing medium or a solvent comprising an organic solvent 
such as N-methyl-2-pyroridono and toluene, and a con- 
ductive agent is added to the dispersing medium, as an 
occasion demands, to prepare a mixture The thus pre- 
pared mixture is subjected to a mixing and dispersing 
process with thD use of the conventional dispersing ap- 
paratus such a;; a homogonizer, a ball mill, a sand mill, 
a roll mill and the like. Inthis stage, there may be applied 
the same mixing ratio of the binder and the active ma- 
terial as the conventional mixing ratio thereof. There 
may preferably be applied the mixing weight ratio of the 
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binder : the active material = 5:5 through 1:9 for the pos- 
itive electrode plate, and the mixing weight ratio of the 
binder : the active material ±- 2:8 through i :9 for the neg- 
ative electrode plate. As a conductive agent added as 

a an occasion demands, there may be used for example 
carbonacious material such as graphite, carbon black, 
acetylene black or the like. 

Tho thus prepared coaling composition for the elec- 
trode plate, containing the active material, is applied on 

10 the collector as a substrate with the use of a gravuro 
coater. a gravure reverse coaler, a die coater, a 3lide 
coaler or the like, and then dried to form the coating lay- 
er. The applying step and the drying slep may be carried 
out several times to prepare a coaling layer having the 

i« thickness of from 10 to 200 \x m, preferably ol from 50 
to 170 u. m. 

When ihe coaling layer obtains by canying out the 
abovft-menlioned applying and drying steps is be sub- 
jected to a press treatment with the use of a metallic roll. 

20 a heating roll, a sheet pressing machine or the like, it is 
possible to improve homogeneousness of the coating 
layer. The above-described press treatment is not al- 
ways essential. The pressing condition of trom SOOkgl/ 
cm 2 to 7,500kgf/cm 2 , more preferably of from 3,Q0Dkgf/ 

& cm 2 to 5,000 kgf /cm 2 may be applied to the abovQ^de- 
scribed press treatment. With a pressing force ol under 
500kgl/crn* the homogeneousness ol the coating layer 
may not sufficiently be improved. With a pressing force 
of over 7,500kgf/cm2 the electrode plalB itself including 

30 the collector may be broken, thus causing an unfavora- 
ble problem. 

The coaling layer having a uniform thickness and 
excellent homogeneousness can be obtained by carry- 
ing out the above-described preparation step. 

(b) impregnation slep 

The above-described coating layer 2 is impregnat- 
ed with a solidifiable material 3 as a liquid material, 
to which has a larger cohesion after solidification thereof 
than that of the coating layer 2, to form an impregnated- 
portion 2a Of the coaling layer having a prescribed pat- 
tern. 

The solidifiable material 3 is required to have a larg- 
4$ er cohesion after solidification thereof than that ot tho 
coating layer 2. In other words, the solidrfiable malerial 
3 should solidity to become harder than the coating lay- 
or. When tne solidifiable material 3 has a smaller cohe- 
sion alter solidification than that of the coating layer, it 
so is hard to perform a complete and precise peeling step 
of tho solidifiable material-impregnated portion of the 
coating layer Namely, there is a tendency that parts ol 
the impregnated portion may be left non-peeled on the 
surface ol the collector in Ihe prescribed pattern, the 
55 non-peeled portion may have a blunt edge, leading to 
poor measurement accuracy of the pattern, and the ad- 
nesiviiy of the porous sheet to the coaling layer may be- 
come low, thus making It impossible to peel the impreg- 
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nated portion ol Ihe coating layer together with the po- 
rous sheet. 

In the present invention, the term "cohesion" means 
not onfy a cohesive force in the narrow sense, but also 
a general force which have an action or solidifying ma- 
terial or maintaining material in a solid stale. According- 
ly, the term "cohesion" in the present Invention includes 
Interatomic cr inlermolecular attractive forces as a co- 
hesive force in the narrow sense, as well as forces which 
contribute to chemical bond such as, for example, inter- 
molecular covalsnt bond. 

There may be used the solidifiable material which 
has any solidification machanism. Thero may be used, 
Tor example, material such ae polymerization material 
or cross-linking mateiial, which irreversibly solidities 
through a chemical reaction It is however convenient to 
use material which permits irreversible repot H ion of so- 
lidification and liquefaction in accordance with certain 
conditions. Material which is solid at a room tempera- 
ture, and cart be liquefied by heat, is remarkably con- 
venient tn use in the actual working, since it is possible 
to adjust its fiowability by heat. 

As material which is solid at a room temperature, 
andean be liquefied by heat, a heat-fusible material may 
suitably be used. The heat-fusible material may exem- 
plified by thermoplastic resin containing at least one kind 
of ethylene- or propylene -homopoiymer or copolymer 
(for example, polyethylene, polypropylene, ethylene co- 
polymer, propylene copolymer, or the like); organic or 
inorganic waic and the like. 

The heat-fusible material used as a aolidiflable ma- 
terial preferably has a melling point within a range ol 
Irom 20° C to 250°C, prelerably within a range of from 
60°C to 1S0°C. Whan the melting point of the heut-fu- 
sibfe material is excessively low. It softens at a room 
tsmpefuluie. leading to liard handling thereof and a 
poor productivity of the electrode plate. When the melt- 
ing point thereof is excessively high, on the other hand, 
there occurs uneconomical problem In energy, 

The heat-fusible material preferably has viscosity of 
from 10 to 80,000 oP when the melting thereof, and 
moro preferably ol from 400 to 6,000 oP. When the vis- 
cosity of the heat-lusible material is excessively high, 
the heat-fusible material tends to not permeate easily 
into fine cavil las of the active material coating layer 2. 
leading io a poor productivity of the electrode plate. 
When the viscosity thereof is excessively low, the heat- 
fusible material tends to spread over in the inside of the 
active material coating layer 2 in a direction along a 
plane parallel tothe surface thereof by tho capillary phe- 
nomenon, thus making it impossible to form a sharp pat- 
tern. M is preferable to limit an adhesive strength be- 
tween the heat-fusible material and the collector 1 to a 
value as smallor as possible, in the light of workability 
in the peeling step. 

When the coating layer 2 is impregnated with the 
above-mentioned sotidifiable material as a liquid mate- 
rial, it is necessary tor the solidifiable material to perme- 



ate through fine cavities in the coating layer 2 so as to 
reach the surface of the collector 1 . If ihe solidifiable ma- 
terial is solidified before ft reaches the surface of the col- 
lector 1 , a ponton to be removed of Ihe coating layer 2 
* may be left non-peeled even when the coating layer 2 
impregnated with the solidifiable material Is peeled from 
the collector i. In order to solve the above-mentioned 
problem, at least one of the colleotoi i and the coaling 
layer 2 may be heated to an appropriate temperature to 
io delay the solidilical ion of the solidifiable material, or the 
solidifiable material having a low viscosity may be se- 
lected to increase the permeating velocity of thereol. or 
the solidifiable material may be kept at a sufficiently high 
temperature to delay the solidification thereof. 
tS The liquefied solidifiable material 3 is applied onto 
the pi escribed portion of the coating layer 2 by means 
of a conventional coating apparatus such as a dispens- 
er, a gravure roll, e die head and the like In case where 
tho heat-fusible material is used us a solidrfiable mate* 
2C rial, there may be utilized a method of applying the so- 
lidifiable material in a molten state on the coating layer 
on the basis of the prescribed pattern, as well as any 
one of a method of arranging a solid body made of the 
solidifiable material the basis of the pattern on the coat- 
mg layer 2 and healing the coating layer 2 to melt the 
solidif iable material which is in contact with the coating 
layer 2. a method of pressmgthe above-mentioned solid 
body made of the solidifiable material the basis of the 
pattern on the heated coating layer 2 at a prescribed 
$o pressure, to melt the solidifiable material which is in con- 
tact with the coating layer 2, a method of moving a solid 
body made of the sdidilcable material on the healed 
coating layer while pressing the above-mentioned solid 
body onto the heated coating layer at a prescribed prcs- 
55 sure* to continuously term a pattern, and the like. 

The impregnated portion having Iho prescribed pat- 
tern having an excellent measurement accuracy can be 
obtained by carrying out the above-described impreg- 
nation step. 

40 

(o) Solidification step 

A porous sheet 25 ia brought into conlacl with the 
portion 2a of the coaling layer, which is impregnated with 

45 the solidifiable material on the basis of the prescribed 
pal lam. io cause part of the solidifiable material in the 
inside or on the surface of the impregnated portion 2a 
to migrate into the porous sheet 25. The migration of the 
solidifiable material causes the formation of an impreg- 

&o nated portion 25a also in the portion of the porous sheet 
25, which corresponds to the impregnated portion 2a. 
Then, the solidifiable material in the impregnated portion 
2a and the solidifiable material in the porous sheet 25 
solidifies in an integral form. 

55 The portion of the coating layer 2 impregnated with 
the solidifiable material is normally stuck to the collector 
1 in a smaller strength, and this portion can easily be 
peeled. With respect to a peeling means, tension may 
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be imparled to the collector i to lift up the portion of the 
coating layer 2 impregnated with the solidiabie material 
from the collector 1 so as lo perform the peeling thereof, 
or it may be peeled trom the collector 1 by means ol a 
spaiula. or it may be peeled wiin me use o! an adhesive 
tape, or it may be peeled from the collector 1 by the blow- 
ing of air In the light of the working efficiency, n is how- 
ever elleetive lo ulilizo ihe melhod which permits the 
peeling ol the entire Impregnaied portions 2a by only 
one operation, rather Than tho melhod of applying Ten- 
sion to (he collector 1 , and Ihe method in which the spat- 
ula or the air gun is used, The method in which Ihe spat- 
ula or tho air gun is used may cause the production ot 
email flakes ol the peeled portion. 

On the contrary, since ths entire impregnated por- 
tions 2u can be peeled only by on© operation wilh the 
use of tho porous sheet In the present invention, the 
working efficiency can remarkably be improved. More- 
over, the process ot the present invention causes no 
production ol small flakes of the peeled portion, unlike 
the melhod in which the spatula or The air gun Is used. 

In Ihe method ol peeling the portion of the coating 
layer utilizing the solidrfiable material, use of a certain 
kind of the solidifiable material may causo the occur- 
rence of cracks in the coaling layer which is obtained by 
impregnating the portion ol the coaling layer with the so- 
lidifiable material and solidifying same. Especially the 
solidifiable material having a larger cohesion makes it 
easy to peel the portion of coating layer, whereas it lends 
to easily cause the occurrence of cracks on the coating 
layer. Such occurrence of cracks leads to some adverse 
effects. The first adverse effect is of a problem lhal the 
peeling of tho coating layer with cracks may cause the 
production of marks of ths cracks on ihe exposed sur- 
face of the substrate. Tne marks of tho cracks is pro- 
duced by leaviiiH a small amount or coating layer non- 
peeled In a loirn ol Sliipe along the portion having the 
cracks thus moaning insufficient peeling of the Impreg- 
nated portion of the coaling layer on ihe basis Of the 
paltem. II is possible to completely inhibit the formation 
of the coating fayor having the cracks by repealing Iho 
applying step of ihe solidifiable material and the peeling 
stop at least iwlce, however such a method leads to ex* 
cessive degradation of productivity, and poor meaeure- 
menl accuracy of the pattern The second adverse effect 
is of a problem lhal ihB occurrence ol the cracks in the 
vicinity of the edge portion of the partem easily tends to 
leave flakes ol the coating layer non-peeled, which is 
obtained by impregnatingthe portion of the coating layer 
with the solidrfiable material and solidifying same, on the 
edge portion of the pattern. Such a phenomenon means 
that the non-peeled portion has a blunt edge, leading to 
poor measurement accuracy of the pattern. 

On ihe contrary, sines iho porous sheet 25 is placed 
on the impregnated portion 2a ol the coating layer when 
the solidifiable material is in a liquid state in iho present 
invention, cracks do not easily tend to occur on the por- 
tion lo be peeled of the coating layer. Accordingly, marks 



of the cracks do nol easily tend to occur on the exposed 
surface ol the subslrale. and there can be formed Ihe 
non-peeled portion having a sharp edge on the basis of 
the pattern 

& As a porous sheet 26, there may be used any one 

of polyester mesh, metallic mesh, cloth, paper and a 
non woven fabric cloth. 

The ihickness ol the porous sheel 25 is preferably 
bo as smaller as possible, provided that the porous 
id sheel 25 has a sufficient strength so lhal Ihe porous 
sheet 25 can peeled together with the impregnated por- 
tion 2a without causing any problems in the subsequent 
peeling step. The thickness thereof is preferably up to 
400 u m, more preferably within a range ol from 40 to 
is 1 20 p. m. With a thickness of over 400 ^ m. tho greater 
part of the mohen solidifiable material existing in the im- 
pregnated portion 2a may migrate into the porous sheel 
25 by the capillary phenomenon, leading lo insufficient 
peeling of Ihe impregnated portion 2a. 
so a diameter ol libers of the porous sheet 25 and a 
porosity thereof may have an effect on the formation of 
the pattern. The diameter of the fibers of the porous 
sheel 25 is preferably up to t50 u. m, more preferably 
within a range of from 30 lo 70 p m. With a diameier of 
25 fibereof iho porous sheet 25 of larger than 150 pm, the 
adhesive strength (namely, the sticking strength) be- 
tween the porous sheet 25 and the solidifiable material 
becomes low. Tho porosfty ot the porous sheet 25 is 
preferably kept as high as possible. In case of a mesh 
30 sheel 3uch as a polyester mesh, a metallic mesh or Ihe 
like, the porosity thereof is prelerably kept at least 30%, 
more preferably within a range of from 50 to 60%. With 
a porosity ot under 30%, much time is required tor im- 
pregnation of the porous sheet 25 with the solidifiable 
3s material, leading lo insufficient sticking ol Ihe porous 
sheel due lu entanglement ol air bubbles between Ihe 
solidifiable material and the porous sheel 25, and lo un- 
favorable expansion of the edge portion or the pattern 
by Ihe capillary phenomenon. Here, the term "porosity" 
40 is a value expressed in a ratio of the total area of gap 
portions excluding the area occupied by tho fibers to the 
area of the entire porous sheet 25, In a plane view there- 
of. Tho porosity of the mesh sheet may vary depending 
on the diameier of the fibers and the weaving method. 
45 When the heat-fusible material is used as a solidi- 
liabre material, the impregnated portion 2a and the po* 
rous sheet 25 can integrally bo bonded by permeating 
the molten solidifiable materiar into the cavities ot the 
impregnated portion 2a, bringing, prior lo the solidiflca- 
so Hon of the solidifiable material, the porous sheet 25 into 
contact with the surface of the impregnated portion 2a 
of the coating layer to cause part of the solidifiable ma- 
terial to parmeale into the porous sheet 25, and cooling 
and solidify same. 
55 As another method, the impregnated portion 2a and 
the porous sheel 25 can integrally be bonded by perme- 
ating the molten solidifiable material into the cavities of 
the impregnated portion 2a. cooling and solidifying 
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same, bringing the porous sheet 25 inlo ooniact with the 
surface ol tho impregnated portion 2a ol tho coating lay- 
er, heating me contact portion thereof to remelt the so- 
lidihable matonai to cause part of the solidrhabie mate- 
rial to permeate Into the porous sheet 25, and cooling 
and solidity tsame again. Here, as a method ol neating 
ihe contact portion of the porous sheet 25 and the sur- 
face of ihe impregnated porlion 2a of the coating layer, 
there may b& used any kind of conventional means such 
as a heat roll, a heating plate, a dryer, an infrared radi- 
ation, and the like. When the metallic mesh is used, heat 
radiation Is performed from the metallic meeh itself 
Ihrough high-frequency induction heating. A heating el- 
ement such as nichrome wire may bo used as a com- 
posing material of the porous sheet 25. 

As further another method, the impregnated portion 
2a and the porous sheet 25 can integrally bo bonded by 
permeating Ihe molten solidifiable matorial into tho cav- 
ities of the impregnated portion 2a, cooling and solidify- 
ing 6amo, bringing the healed porous sheet 25 into con- 
tact with Ihe surface of the impregnated portion 2a of 
the coaling layer, io remelt the solidifiable material in the 
contact portion thereof to cause part ol the soikJiRable 
material to permeate into the porous sheet 25, and cool- 
ing and solidify same again. Mere, the porous sheel may 
previously be heated by any kind of conventional means 
such as a heat roll, a heating plate, a dryer, an infrared 
radiation, and the like. When the metallic mesh is used, 
heat radiation may be previously performed from the 
metallic mean itself through high-frequency induction 
heating. A heating element such as nichrome wire may 
be used as a composing material of the porous sheet 
25. and tho previous heating with the use ol this heating 
element may be performed. 

Since the impregnated portion 2a and the porous 
sheel 25 can integrally be bonded by any one ol the 
above-descmbed methods, it is possible to nemove the 
entire Impregnated portions by only ono operation in the 
subsequent peeling step. 

(d) Peeling stop 

Finally, the portion 2a impregnated with the solidifi- 
able material is peeled together with the porous sheet 
25 slicking thereon in the integral solidification state of 
the solidifiable material In the coating layer 2 and ihe 
solidifiable material In the porous sheet 25, to expose 
the surface of the collector 1 on the basis of the pre- 
scribed pattern to obtain the peeled portion 4. 

When an attempt is made 1o pool the impregnated 
portion 2a from the collector 1 In the peeling step using 
the porous sheel 25 in a state that the porous sheet 25 
Is loosened, and moro specifically, ihe surface of the im- 
pregnated portion 25a of the porous sheet 25 Is not In 
parallel with the surface of ihe non-lmprcgnaLed portion 
2b therecrl (in a bent or warped condition), the peeling 
may frequently be caused on the boundary between the 
impregnated portion 2a and Ihe porous sheet 25, ihus 



leaving the impregnated portion 2a non-peeled on ihe 
collector 1 . On the contrary, when tension is applied to 
the porous sheet 25 as shown in FIGS. 18(a) and (b) to 
carry out the peeling step in a state ol no occurrence of 
s loosening of the porous sheet 25, the impregnated por- 
tion 2a can clearly be peeled without leaving ii non- 
peeled on the collector v 

When ihe peeling step is earned out in a state ol 
application ol lension to the porous sheet 25, It Is pref- 
ix erable to cany oui the peeling step by keeping the orig- 
inal sheet 27 for the electrode plate away from the po- 
rous sheet 25 with a peeling roll 26 as a diverging point 
as shown in FIG. 19. When the non-flexible sheet such 
as a plastic plate having a relatively high strength is used 
15 as Ihe porous Sheet 25 , the pooling roll 26 is not required 
since the peeling step can be carried out without eausmg 
the loosening of the porous sheet 25 in the analogous 
condition to the Rbove-menlioned case in which tension 
is applied to the porous sheet 25- 
20 The porous sheet 25 may have a shape of postal 
card, or a strip-shape FIG. 20 illustrates an exemplified 
use ol the slnp^6haped porous sheet 25. Acoording lo 
the process illustrated in FIG. 20. the porous sheet 25 
is supplied from a feeding roll 2B while applying tension 
25 to the porous sheet 25, and the porous shoot 25 is sup- 
ported by support rolls 30. 30 and then wound by a wind- 
ing roll 29. The original strip-shaped sheet 27 for The 
electrode plate is supplied, on the other hand, by a feed- 
ing roll 32, supported by support rolls 26, 26, and then 
30 wound by a winding roll 33. The original sheel 27 for the 
electrode plate is continuously impregnated with the 
molten solidifiable material on the prescribed pattern by 
means ol a coating apparatus 10. Then, the porous 
sheet 25 is placed on the original sheet 27 for the oIbc- 
trode plaie, and then, ihe solidifiable material is cooled 
and solidified by means of a cooling and solidilying ap- 
paratus 31. Then, the porous sheet 25 is peeled from 
Ihe original sheet 27 tor ihe eleoirode plate, while keep- 
ing the original sheet 27 for the electrode plate away 
40 from Ihe porous sheel 25 with a peeling roll 26 as a di- 
verging point. Finally, a chip-shaped sheet havinga plu- 
rality of electrode platos in each ot whioh tho surface of 
the collector is partially exposed on the basis of Ihe pre- 
scribed pattern, is continuously wound by means of a 
4S winding roll 33. According to the process of the present 
invention as shown in FIG. 20, it is possible to continu- 
ously produce Ihe strip-shaped sheet having a plurality 
of electrode plates. 

FIG. 21 illustrates the step of peeling the original 
so sheet 27 for the electrode plate from the porous sheet 
25 by moving horizontally the peeling roll 26 in a direc- 
tion of an arrow as shown in FIG. 21 , while applying ten- 
sion lo the porous sheel 25. 

The porous sheet 25 may be used once and then 
ss thrown away, or may be reusable after washing or clean- 
ing ii. 

It is possible to produce effectively the electrode 
plate tor a secondary battery with a nonaqueous olec- 
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irolyle having the noivcoated portion on the basis of the 
proscribed pattern by carrying out in© above-described 
steps (a) to (d) n this order. The non-coated portion of 
the thus procucGd electrode plale is excellent in meas- 
urement accuracy of the pattern, and in the non-coated 
portion moral, there is no production of powdery (lakes 
rrom the edge portion ol the pattern, end no existence 
ol rnaiks of clacks, 

hi case whore the secondary battery is produced 
with the use of the electrode plate of the present inven- 
tion, which has been prepared in Ihe above-described 
manner it is preferable to apply a hoating treatment and 
a decompression treatment to the electrode plate prior 
to the assemb ling step of the secondary baliery. in order 
to remove moisture in the coaling layer of the eloclrodo 
plate which contains the active material. 

hen the secondary battery, for example, the lithi- 
um secondary battery is produced with the use of the 
above-described electrode plate, there is used a non- 
aqueous electrolyte which is obtained by dissolving lith- 
ium salts as solute into an organic solvent. In this stage, 
there may be used, as an organic solvent, cyclic esters, 
chain esters, cyclic ethers, chain ethers or the like. The 
cyclic esters may be exemplified by propylene carbon- 
ate, bury le ne carbonate, ^buthyrofactone, vinytene car- 
bonate, 2-methyl- -fbuthyroJactone, acelyl- y-bulhyrol- 
actone and ^vaierotaclone. The chain esters may be 
exemplified by dimethyl carbonate, diethyl carbonafo, 
dibutyt carbonate, dtpropyi carbonate, methyl ethyl car- 
bonate, methyl butyl carbonate, methyl propyl carbon- 
ate, ethyl butyl carbonate, elhyl propyl carbonate, butyl 
propyl carbonate, propionic acid aikyl ester, matonic ac- 
id dialkyl ester and acetic acid alky I ester. The cyclic 
ethers may be exemplified by teirahydrofuran, alkyliel- 
rah iroruran, dialkyldialkyltelrahydrofuran, alkoxytet- 
rahydrufuian, Uwlkoxyteuahydrofuran, 1 ,8-dioxolan, 
alkyl-1 ,3-Uioxolan and 1 ,4-dioxolan. The chain ethers 
may be exemplified by 1 ,2-dimethoxy ethane, 1,2-di- 
e M . ^ethane, diethyl ether, ethylene glycol dialkylether, 
du ->vlene glycol dialkylother, triethylene glycol di- 
alky.sTthor and lolraothylone glycol dialkylother 

AS lithium raltS as 60lute forming the nonaqueous 
electrolyte In cooperation with the above-mentioned or- 
gt solvent, there may be used inorganic lithium sail 
su. -s LiCl0 4 , LiBF 4 , LiPF 6 . LiAsF^, LiCI, LiBr or the 
like- t organic lithium sail such fas LiB< C 6 H S ) 4 , LiN 
(SC 2 CF 3 )5, LiC(SO a CF 3 ) 3 . UOSO a CF 3 , LiOS0 2 C 2 F 5 . 
LIOS0 2 C3F 7l LiOSOgC,, F 9 , LIOSOeC 5 F n . 

UOSOaC d F, 3 , UOSOgC^F,* or the like. 

EXAMPLES 

Now, Ihe present invention will be described heie- 
inbelow in more detail with reference to Experiment Ex- 
amples in the present invention In the first lo fourth 
groups and Comparative Examples. 



521 A2 46 
[Present Invention in First Group] 
Experiment Example No. 1-1 

5 First, a coating composition for a positive electrode, 
containing active material for the positive olocirode was 
prepared in the following manne r. Materials for the coat- 
ing composition lor the positive electrode composed of 
UC0O2 powdei of 40 wt parts having a particle size ol 

10 from 1 to 100 p m and an average particle size of 1 0 n 
m, graphite powder of 5 0 wt. parts as a conductive 
agent, polyvinylidene fluoride of 4 wt. parts as a binder 
(having the product name of "NEOFLON VDF. VP-850* 
manufactured by DAIKIN INDUSTRIES, CO. LTD.) and 

ts polyvinylidene fluoride of 20 wt. parts. 

Of these materials, polyvinylidene fluoride was pre- 
viously dissolved by polyvinylidene fluoride to prepare 
varnish. The other powdery malaria Is were added to the 
thus prepared varnish, and these powdery male rials 

so and the varnish were stirred and mixed by means of a 
planetary mixer (manufactured by KODAIRA SEI- 
SAKUSHO CO. LTD. ) for © period of time of 30 minutee , 
to prepare a coating composition in a form of slurry for 
the positive electrode containing the active material for 

25 the positive electrode. 

With the use of the thus prepared coating composi- 
tion for the positive electrode, the first coating step was 
carried out on a collector made of an aluminum foil hav- 
ing a thickness ol 20 u. m and a width of 300mm by 

30 moans ol a die coater Tnen, a drying step was carried 
out at a temperature of l40 fl C for 2 minutes 10 form a 
coating layer on Ihe aluminum foil, which included the 
active matenai lor the positive electrode and had a th ick- 
ness ot 100 pi m in a drying state. The resultant coating 

6 layer including the active material for the positive elec- 
trode was subjected lo an aging treatment in a vacuum 
oven at a temperature erf eo°C for 4B hours lo lemove 
moisture in the coating layer, thereby preparing an elec- 
trode plate for the positive electrode. 

*o Then, a coating composition for a negative elec 
trode, containing active material for the nogativo elec- 
trode was prepared in the following manner. Materials 
lor the coaling composition for the negative electrode 
composed of graphito powder of 85 wt. parts, polyvinyl!- 

45 dene fluoride of 1 5 wt nans (having the product name 
ol 'NEOFLON VDF, VP-850 - manufactured by DAIKIN 
INDUSTRIES. CO. LTD.) and polyvinylidene fluoride as 
a dispersing medium Ol 225 wt. parts. A coating compo- 
sition in a form of slurry lor the negative electrode was 

so obtained with the use of these materials by means of 
the same dispersing machine in the samo dispersing 
method as in the case of preparation of the coating com- 
position for Ihe positive electrode 

With the use of the thus prepared coating composi- 

ss tion tor the negative electrode, the first coating step was 
carried out on a collector made of a rolled copper foil 
having a thickness of t5 u. m by means of a die coaler. 
Then a drying step was carried out at a temperature of 
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i40°C for 2 minutes to lorm a coating layer on the cop- 
per foil, which included the active material tor the neg- 
ative electrode and had a thickness o1 100 p m in a dry- 
ing stale. The resultant coating layer including the active 
material for the negative electrode was subjected to the 
same aging treatment 10 remove moisture in the coating 
layer, thereby preparing an electrodo plat© 1or the neg- 
ative electrode 

The thus obtained electrode plates tor The positive 
and negative electrodes were placed on a hot plate 
healed to a temperature of 90 p O. Polypropylene (having 
the product name ot "ViSCOL 550P* manufactured by 
SANYO KASEI KOGYO CO. LTD.) which has been 
healed to a tamporalure of 250 6 C to melt K, was applied 
on these electrode plates in a shape ot strip having a 
width of 10 rnm and a length of 200 mm by means of a 
dispenfter Then, the hot plate was removed, to solidify 
the polypropylene. The solidified polypropylene was 
easily peeled from the collector by applying tension tp 
ihe collector to Ifh up the polypropylene, since it was 
hard and brittle. The collector had a non-coated portion 
on the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

Experiment Example No. 1 -2 

Electrode plates (or the positive and negative elec- 
trodes were propai ed under the same applying and dry- 
ing conditions as in the Experiment Example No. 1 -1 . 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
lo a tempenature of 90°C. Polyethylene (having the 
product name ot 'SANWAX 161 P" manufactured by 
SANYO KASEI KOGYO CO. LTD.) which has been 
heated to a temperature of 250 fl C to melt it, was applied 
on these electrode plates in a shape of strip having a 
width of 10 mm and a length of 200 mm by means ol a 
dispenser Then, Ihe hot plate was removed, to solidify 
the polyethylene. The solidified polyethylene was easily 
peeled, keeping its shape as applied, from the collector 
by pulling up Ihe end of the solidified polyethylene, since 
it had a sufficieni strength. The collector had a non-coat - 
ed portion on the basis of the proscribed pattern, which 
had a sharp edge and in which there was no production 
ol powdery flakes of the coating layer. 

Experiment Example No. 1-3 

Electrode plates for the positive and negalivo elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
The thus obtained electrode plates for Ihe positive and 
negative electrodes wore heated to a temperature of 
70° C by means of an inlrared lamp. Wax (having the 
product name of "DIACARNA 30L' manufactured by 
MITSUBISHI KASEI KOGYO CO. LTD.) which has been 
heated to a temperature of l60 a C to melt it, was applied 



on these electrode plates in a shape of strip having a 
widlh oMO mm and a length of 200 mm by means of a 
dispenser. Then, the infrared lamp was removed, to so- 
lidify the wax. The solidified wax was easily peeled from 
$ the collector by applying tension to the collector to lift up 
the wax. since it was hard and brittle The collector had 
a non-coated portion on the basis ol the prescribed pat- 
tern, which had a sharp edge and in which there was no 
production Of powdery flakes of the coating layer 

10 

Experiment Example No. 1-4 

Electrode plates lor the positive and nogativo elec- 
trodes were prepared under the same applying and dry> 

15 tng conditions as in the Experiment Example No. 1-1. 
Then, a ribbon-shaped formed body having a width of 
30 mm. a length of 200 mm and a thickness ol 5 mm, 
and made of polyethylene (having the product name of 
"SANWAX 161 P" manufactured by SANYO KASEI KO- 

20 GYO CO LTD. ) was placed on the surface of the coating 
layer of oach of these electrode plates. A hot plate heal- 
ed lo a temperature ot 250° C was brought into contact 
with the back surface of the electrode plate for about 
one second, and then, the hot plate was removed Ihere- 

25 trom. in this stage, pan ol polyethylene coming into con- 
tact with the coating layer was melted and permeated 
through the coating layer, and then solidified. The solid- 
ified polyethylene was easily peeled, keeping its shape 
as applied, from the collector by pulling up the end of 

30 the solidified polyethylene. The collector had a non- 
coated portion on the basis of the prescribed pattern, 
which had a sharp edge and m which there was no pro- 
duction of powdery flakes ol the coating layer. 

35 Experiment Example No. 1 -5 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
*o The thus obtained electrode plates tor the positive and 
negative electrodes were subjected to a proscing treat- 
ment at a pressure of 3,0O0kgf/cm 3 by moans of a roll 
press. These electrode plates having been subjected to 
the pressing treatment were placed on a hot plate heat- 
hs ed tf» a temperat ure of 90° C. Polyp ropy lene (having tho 
product name of "VISCOL 5fi0P" manuf act ured by SAN- 
YO KASEI KOGYO CO. LTD.) which has been heated 
to a temperature of 250°C to mett it. was applied on 
these electrode plates in a shape of strip having a width 
so q\ to mm and a length of 200 mm by means ot a dis- 
penser. Then, the hot plate was removed, to solidify the 
polypropylene. The solidified polypropylene was easily 
peeled from the collector by applying tension to the col- 
lector to Hit up the polypropylene, since it was hard and 
ss brittle The collector had a non-coaled portion on the ba- 
sis of the prescribed pattern, which had a sharp edge 
and in which there was no production of powdery flakes 
of the coating layer. 
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Experiment Example No. 1 -6 

Paste comprising frit of lead glass of 80 wl.%, ethyl- 
cellulose of i wt.%, buthylcarbinol acetate ol 10 wt.% 
and a-terplneol of 9 wt % and having viscosity of 80,000 
cP was applied on the entire surface or a square glass 
plate as a substrate for a plasma-display panel, and then 
dried to pieparea coming layer. A SQuaro plastic sheet, 
each side of which was smaller by 1 mm than the side 
ol Lhe square glass plate, was placed on the thus pre- 
pared coating layer so thai the peripheral porhon ol the 
coating layer was exposed in a widih of O.S mm. Poly- 
propyiono wax (having the product name of "VISCOL 
560P" manufactured by SANYO KASEI KOGYO CO. 
LTD.) Which has been heated lo a temperature of 250'C 
to melt it, was applied on the thus exposed peripheral 
portion ol the coating layer to impregnate rhte portion 
with polyethylene wax. Aflor completion of the cooling 
of the Impregnated portion of the coating layer, the im- 
pregnated portion was peeled from the glass plate, with 
the result that the peripheral portion having a width ol 
0.5 mm of the glass plate was ciaarty exposed. Then, 
the glass plala having the coaling layer was sintered by 
a conventional method to form a primer layer. 

Comparative Example No. 1-1 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing condition^ as in the Experiment Example No. 1-1, 
An adhesive tape having a width of 10 mm and a length 
of 200 mm was stuck onto each of the thus obtained 
electrode places for lhe positive and negative elec- 
trodos, and then, the aonesrve tape was peeled Irom 
each of the electrode plates to prepare a non -coated 
portion thereon. Much ol portions lo be removed of the 
coating layer weie left non-peeled on the collector, and 
the non-coated portion had a blunt edge and in which 
there was observed the production of powdery flakes of 
the ooaling layer. It was also confirmed that such a peel- 
ing step with the use of the adho&iva tape was not in- 
dustrially applicable to an actual production. 

Comparative Example No 1-2 

Electrode plates for lhe positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1, 
The coaling layer of each of the electrode plates for the 
positive and negative electrodes was scraped off by 
means of a spatula to prepare a non-coated portion hav- 
ing a width of 10 mm and a length of 200 mm. Much ol 
portions lo be removed ot the coaling layer were left 
non-peeled on lhe collector, and il was hard to form the 
non-coated portion on the basis of the prescribed pat- 
tern. Scratches were observed on the surface of the col- 
lector. 



Comparative Example No. 1-3 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 

£ ing conditions as m the Experiment Example no. 1-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were Kepi at a room temperature. 
Then, polypropylene (having the product name ol "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 

to CO. LTD.) which has been heated lo a temperature of 
250 o C to melt It, was applied on these electrode plates 
in a shape of 3trip having a width of 10 mm and a length 
of 200 mm by means of a dispenser. Then, tho polypro- 
pylene was completely solidified by an air cooling step. 

is The applied polypropylene was solidified on the surface 
of the coalmg layer prior to the permeation thereof 
through lhe inside the coating layer As a result, even 
when the polypropylene was removed, the portion to be 
removed of lhe coating layer was left non-peeled on the 

20 surface of the collector, thus making it impossible to form 
any non -coated portion. 

Comparative Example No. 1-4 

Electrode plates for tho positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1, 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
to a temperature ol 70 P C. Wax (having the product name 
of 'SP-0145" manufactured by NIPPON SElRO CO. 
LTD.) which has been healed to a temperature of 160°C 
to melt It, was applied on those electrode plates in a 
shape of strip having a wldlh of 10 mm and a lenglh of 
200 mm by means of a dispenser Then, lhe hoi plate 
was removed, to solidify lhe wax. Since the wax has a 
low viscosity when the melting thereof, n spread over in 
the inside of the coating layer in a direction along a plane 
parallel to the surface thereof by the capillary phenom- 
enon, thus making it impossible to form a sharp pattern. 

[Present Invention in Second Group) 

Experiment Example No. 2-1 

A coating composition for a positive electrode, con- 
taining active material lor the positive electrode was pre- 
pared in the following manner. Materials for the coating 
composition for the positive electrode composed of 
LiCo0 2 powder of 90 wt parts having a particle si2e ot 
from i to 1 00 u. m and an average particle size of 1 0 u. 
m f graphite powder of 5.0 wt. parts as a conduclrve 
agent, polyvinylidene fluoride of 4 wt. parts as a binder 
(having the product name of "NEOFLON VDR VP-850" 
manufactured by DAIKIN INDUSTRIES, CO. LTD.) and 
N-methyrpyrroiidone of 20 wt. parts. Of these materials, 
polyvinylidene fluoride was previously dissolved by pol- 
yvinylidene fluoride lo prepare varnish. The other pow- 
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deny materials we re added to the thus prepared vamteh, 
and these powdery male rials and the varnish were 
stirred and mixed by means of a planetary mixer (man- 
ufactured by KODAIRA SEISAKUSHO CO. LTD.) 1ot a 
period of time of 30 minutes, to prepare a coating com- 
position In alorm of slurry for the positive electrode con- 
taining the active material for the positive electrode. The 
thus prepared cualing composition had viscosity ot 
39,000 cP. 

The coating composition lot the positive electrode 
containing the active materiel tor the positive electrode 
was applied on an area having a width of 300 mm and 
a length of 500 mm of a collector made of an aluminum 
foil having a thickness of 20 y± m, a width ol 320 mm and 
a length of E100 mm with the use of a coaling apparatus 
under applying conditions comprising an inside diame- 
ter of a nozzle of 0.92 mm and a pressure ol 0.2 kgf/ 
cm 2 . The moving velocity ot the noz7te was 30 mm/sec , 
and the forwarding pitch was Q mnrvYnin. during the ap- 
plying step. The lip of the nozzle had a wide slit-shape, 
unlike the conventional needle-shape, thus permitting 
the application of Ihe coating composition in a width of 
30 mm by one operation. 

Then, tho applied coating composition was dried at 
a temperature of 60° C to remove the solvent contained 
therein, thereby forming an active material coaling layer 
In order to make the surface of the coating layer smooth 
and unilorm. a polyethylene terephthaiale film was 
placed and pressed on the coating layer, and then this 
film was peeled therefrom. Then, the coating layer was 
dried m an oven heated to a temperature of 120°C for 
two minutes. The coating layer had a thickness of 130 
u m attor the completion ol the drying step. 

Then, a non- woven fabric cloth (having the product 
name ol "FC-406" manufactured by JAPAN VILENE 
CO. LTD,) having e thickness of 420 u rn, a wkllh or 310 
mrn and a length of 550 mm was Impregnated with poly- 
propylene (having the product name of "VISCOL 550P* 
manufactured by SANYO KASEI KOGYO CO. LTD.) 
which has been heated lo a temperature of 250*C to 
melt it, thoreoy preparing a peeling shoot. Tho thus pre- 
paid peeling sheet had a thickness of 470 }i m, and an 
amount of polypropylene with which the non -woven fab- 
ric cloth was impiegnated. was 270 g/cm e . 

The peeling sheet was placed on ihe active material 
coating layeir, Hnd they ware pressed to each other by 
means of a .flat plate press having a width of 305 mm 
and a length ol 25 mm. The pressing conditions com- 
prised a praissure of 50kgf/cm 2 and a pressing time of 
three seconds. The flat plate press comprised two flat 
pressing plates, one plate coming Into contact with the 
surface of the electrode plate, which was opposite to the 
surface on which the active material layer has been 
formed, was kept at a temperature of 150°C. and the 
other plate was kept at a temperature of 25°C, which 
was equal lo a room temperature. The distance between 
the two pressing plates was kept 125 u m during the 
pressing step. After completion of the heat pressing 
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step, they were Iclt for one minute as iheyarc, and then, 
Ihe peeling sheet was peeled from the collector having 
the active material layer. In this stage, a portion of the 
active material layer was transferred to Ihe peeling 

5 sheet, thereby permitting the easy peeling of the portion 
thereof on the basis ot the proscribed pattern As a re- 
sult, the collector had a non-coated portion on the basis 
ol the prescribed pattern, which had a sharp edge and 
in which there was no production of powdery flakes of 

io the coaling layer. 

Experiment Example No. 2-2 

A coating composition tor a negative electrode, con- 
i& taining active material tor the negative electrode was 
prepared in the following manner. Materials for tho coat- 
ing composition for lhA negative electrode composed of 
graphite powder of fl5 wt parts, polyvinylidene fluonde 
of 15 wl. parts as a binder (having the product name of 
20 "NEOFLON VDR VP-850" manufactured by DAI KIN IN- 
DUSTRIES, CO. LTD ) and N-methyipyrrolidone of 225 
wt. parts. These powdery materials were dispersed in a 
dispersing machine ax 8,000 rpm, to prepare a coating 
composition for the negative electrode containing the 
2S active material for the negaiive electrode. The thus pre- 
pared coating composition had viscosity of 92,500 cP. 

An applying step ol the above-described coating 
composition for the negative electrode, a solvent-re- 
moving step, a pressing step and a drying step which 
30 were the same as those in the Experimental Example 
2-1 , were applied to a collector made of a copper foil 
having a thickness of 14 u. m. a width ot 320 mm and a 
length of 600 mm to form an active material coating layer 
thereon. The active material coating layer had a thick- 
os ness of 100 u m after Ihe completion of the drying step. 
A peeling sheet was prepared in (he same manner 
as in the Experiment Example No. 2-1. The peeling 
sheet was placed on the active material coating layer, 
and they were pressed to each other by means of a flat 
*o plate press having a width of 305 mm and a length of 
8Q mm. The pressing conditions comprtsod a pressure 
of 125kgf/cm 3 and a pressing lime of three seconds. The 
flat plate press comprised two flat pressing plates, one 
plate coming into contact with the surface of the elec- 
ts trode plate, which was opposite to the fiurtace on which 
the active material layer has been formed, was kept at 
a temperature of 140 - C. and the other plate was kepi at 
a temperature ol 25° C. which was equal to a room tem- 
perature The distance between the two pressing plates 
so was kepi 125 u m during the pressing step, After com- 
pletion ot the heat pressing step, they were ieft for one 
minute as they are. and then, the peeling eheal was 
peeled from the collector having the active material lay- 
er. In this stage, a portion ol the active material layer 
was transferred to the peeling sheet, thereby permitting 
the easy peeling of the portion thereof on the basis of 
ihe prescribed pattern. As a result, the collector had a 
non-coated portion on the basis of the prescribed pat- 
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tern, which had a sharp edge and in which there was no 
production ol powdery flakes of the coaling layer. 

Experiment Example No. 2-3 

A collector having an active material coating layer 
for the positive electrode and a peeling sheet wore pre- 
pared in the same manner as in the Experiment Exam- 
ple No. 2-1 . The peeling sheet was placed on the active 
material coaling layer, and they were pressed to each 
other by means of a roll press having a width of 305 mm 
and a roll diameter of 200 mm. The pressing conditions 
comprised a linear pressure ot 67kgf/cm and a traveling 
volooity of 12.6 cm/mm. The roll press comprised two 
pressing rolls, one roll coming into contact with the sur- 
lace ol the etectrodo plate, which was opposite to the 
surface on which ihe active material layer has been 
formed, was kept at a temperature of 175*C, and the 
other roll was Kept at a temperature of 25'C. which was 
equal to a room temperature. The distance between the 
two pressing rolls was kept 150 p. m during the pressing 
step. After completion of the heat pressing step, they 
were left for one minuto as they ere, and then, the peel- 
ing sheet was peeled from the collector having the active 
material layer. In this stage, a portion of the active ma- 
terial layer was transferred to the peeling sheet, thereby 
permitting Ihe easy peeling of the portion thereof on the 
basis of the proscribed pattern. As a result, ihe collector 
had a non-coated portion on the basis of the prescribed 
pattern, which had a sharp edge and in which there was 
no production of powdery flakes of the coating layer. 

Experiment Example No. 2-4 

A collector having an active material coating layer 
rot Ihe negative electrode and a peeling sheet were pre- 
pared in tho same manner as In the Experiment Exam- 
ple No. 2-2. The peeling sheet was placed on the active 
material coating layer, and they were pressed to each 
other by means of a roll press having, a width ol 305 mm 
and a roll diamolor of 200 mm. The pressing conditions 
comprised a linear pressure of lOOkgl/cm and a 
traveling velocity of 12.6 cm/min. The roll press com- 
prised two pressing rolls, one roll coming into contact 
with the surface of the electrode plate, which was oppo- 
site to ihe surface on which the active material layer has 
been formed, was kept at a temperature ol 165°C, and 
the other roll was kept at a temperature of 25°C. which 
was equal to a room temperature. The distance between 
the i<n o pressin 9 rolls was kept 1 50 p. m during the press- 
ing stap. After completion of the heal pressing step, they 
were let l for one minute as thoy are. and then, the peel- 
ing sheet was peoled from the collector having the active 
material layer." In this stage, a portion of the active ma- 
terial layer was transferred to the peeling sheet, thereby 
permitting the easy peeling of the portion thereof on the 
basis of the prescribed pattern. As a result, the collector 
had a non^coaisd portion on the basis of the prescribed 



pattern, which had a sharp edge and in which there was 
no production of powdery flakes of the coating layer. 

Experiment Example No. 2-5 

s 

A collector having an active material coating layer 
for the positive elect rode, another collector having an 
active material coaling layer for the negative electrode, 
and a peeling sheet were prepared in the same mannor 

70 as in the Experiment Example Nos. 2-1 through 2-4. and 
the same heut pressing step and the same peeling step 
through the transfer action as theroin were carried out. 
excopt that polyethylene (having tho product name of 
'SANWAX 161 P" manufactured by SANYO KASEI KO- 

15 GYO CO. LTD.) was used as thermoplastic resin. As a 
result, the collector had a non-coated portion on the ba- 
sis of the prescribed pattern., which had a sharp edge 
and in which there was no production ol powdery flakes 
ol the coating layer. 

20 

Experiment example No. 2-6 

A collector having an active material coating layer 
for the positive electrode, another collector having an 

SB active material coating layer for tho negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 

a& except that polyethylene (having the product name of 
•A-C392' manufactured by ALLIED SIGNAL CO. LTD.) 
was used as thermoplastic resin. As a result, the collec- 
tor had a non -coated portion on the basis of the pre- 
scribed pattern, which had a sharp edge and in which 

os there was no production of powdery flakes ol the coating 
layer. 

Experiment Example No. 2-7 

40 A collector having an active material coating layer 
lor the positive electrode, another oolloctor having an 
active matorial coating layer for the negative electrode, 
and a pooling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 

45 ihe eame heal pressing step and the same peeling step 
through the transfer action as therein were carried out, 
except that polyethylene (having the product name of 
•Hoechst-Wax PE190" manufactured by HOECHST1N- 
DUCTRY CO. LTD.) was used as thermoplastic resin. 

50 As a result, the collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coaling layer. 

55 Experiment Example No. 2-B 

A collector having an active material coaling layer 
for the positive electrode, another collector having an 



2B 



PAGE 47/74 * RCVD AT 8/7/2007 5:19:25 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3/21 ■ DNIS:2738300 * CSID:12129537733 ■ DURATION (mnKS):45-34 



08/07/2007 17:58 FAX 



12129537733 



* PTO CENTRAL 0 048/074 



55 EP 0 8 

active material coaling layer for the negativo electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4. and 
the same heat pressing step and the same peeling step 
through the transfer sciron as therein were carried Out, 
except mat polyethylene (having the product name of 
■Hoechst-Wax PE 191" manufactured by HOECHST IN- 
DUCTRY CO. LTD.) was used as UiBimoplastic resin. 
As a result, ihe collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production ol powdery 
flakes of the coating layer. 

Exporimenl Example No. 2-9 

A collector having an active material coating layer 
for ihe positive electrode, another collector having an 
active material coating layer for the negalive electrode, 
and a peeling eheei were prepared in the same manner 
as In the Experiment Example Nos. 2-1 through 2-4. and 
the same heat pressing step and the same peeling step 
through the transfer action as Iherem were carried out, 
except that polyethylene (having the product name of 
"Luwax OAtt Powder* manufactured by BASF JAPAN 
CO. LTD.) was used as thermoplastic resin. As a result, 
the collector had a non-coated portion on the basis of 
the presenbed pattern, which had a sharp edge and in 
which there was no production ol powdery flakos of the 
coaring layer. 

Experiment Example No. 2-10 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
active material coaling layer tor the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 
the same heist pressing step and the same peeling step 
through the transfer action as therein were carried out, 
except that a non-woven fabrio eloth (having the product 
name of "JH-1007" manufactured by JAPAN VILENE 
CO. LTD.) was used The thus prepared peeling sheet 
had a thickness of 210 u, m. and ah amounl of polypro- 
pylene with which the non-woven fabric cloth was im- 
pregnated, was 1 30 o/cm 2 As a result, the collector had 
a non-coated portion on the basis of the prescribed pat- 
tern, which hiad a sharp edge and in which there was no 
production ol powdery flakes of the coating layer. 

Experiment Example No. 2-11 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
active material coaling layer tor the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Exponmenl Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 
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except that a non-woven fabric cloth (having the product 
name ol P WP-B085" manufactured by JAPAN VILENE 
CO. LTD ) was used. The thus prepared peeling sheet 
had a thickness of 670 u m. and an amount ol polypro- 
6 pylene with which the non-woven laoric cloth was im- 
pregnated, was 496 g/cm 2 As a result, the collector had 
a non-coated portion on ihe basis of the prescribed pal- 
tern, which had a sharp edge and in which there was no 
production of powdery flakes of the coating layer 

10 

[Present Invention in Third Groupj 
Experiment Example No. 3-1 

is First, a coating composition for a positive electrode, 
containing active malarial lor the postlive electrode was 
prepared in ihe following manner. Materials lor the coal- 
ing composition lor the positive electrode composed of 
UCoO a powder of 89 wt. parts having a particle size of 
20 from 1 to 100 n m and an average particle size of 10 u 
m, graphite powder of 8 wl. pans as a conductive agent, 
and potyvinylidene fluoride varnish of 33 wt. parts as a 
binder (having the product name of' B KF#1100\ 12% N- 
melhyl-2-pyrrolidone solution manufactured by KURE- 
ss HA CHEMICAL INDUSTRY, CO. LTD.). The varnish and 
the other powdery materials added thereto were stirred 
and mixed by means of a planetary mixer (manufactured 
by KODAIRA SElSAKUSHO CO. LTD.) for a period of 
lime of 30 minutes, to prepare a coating composition in 
so a form of slurry for the positive electrode containing the 
active material for the positive electrode. 

with the use of the thus prepared coating composi- 
tion for the positive electrode, the coating slep was car- 
ried out on a collector as a substrate made ol an alumi- 
3& num foil having a thickness of 20 \i m and a width of 
300mm by means of a die coaler. Then, a drying step 
was carried out by passing the substrate applied with 
the coaling composition through a drying oven having a 
length of 8 m (having a plurality of different temperature 
40 zones of 80°C , 1 00 6 C. 1 30'C and 1 40° C) at a traveling 
velocity of 4 m/min, to form a coating layer on the sub- 
strate made of the aluminum foil, which included the ac- 
tive material for the positive electrode and had a thick- 
ness of 90 u m in a drying state. Further, the resuttant 
45 coating layer including the active material lor the posi- 
tive oiacirode was subjected to an aging ireatment in a 
vacuum oven at a temperature of 1 00° C for 48 hours to 
remove moisture in the coaling layer, thereby preparing 
an electrode plate lor the positive electrode. 
50 Then, a coating composition for a negative elec- 
trode, containing active material for the negative elec- 
trode was prepared in the following manner. Materials 
for the coalhg composition for the negative electrode 
composed of graphite powder of 85 wt. parts, polyvlnyll- 
e* dene fluoride varnish of 1 25 wl. parts (having the prod- 
uct name of •KF#1100", 12% N-melhyl-2-pyrrolidone 
solution manufactured by KUREHA CHEMICAL IN- 
DUSTRY, CO. LTD.). and N-rnelhyl-2-pyrrolldoneof 115 
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wt. parts as a dispersing medium. A coating composition 
in a form ol slurry for the negative electrode was ob- 
tained with the use of these materials by means of the 
samB disperainfl machine in the same dispersing meth- 
od as in the case of preparation of iho coating compo- 
sition for the positive electrode. 

with the use of the thus prepared coating composi- 
tion Tor the negative electrode, tho coaling step whs car- 
ried oul on a collector as as substrate made ol a rolled 
copper foil having a thickness of 15 u. m by means of a 
die coaler Then, a drying step was oarried out by pass- 
ing the substrate applied with the coaling composition 
through a drying ovon having a length of 8 m (having a 
plurality of different temperature zones of 80° C, 100°C, 
130 D C and VI0°C) al a I raveling velocity of 2 nVmin, to 
form a coating layer on the substrate made of the copper 
foil, which included ths active material for the negative 
electrode and had a tnicknflfle of 135 u m in a drying 
state. The resultant coating layer including the active 
material for the negative electrode was subjected to the 
same aging treatment to remove moisture In the coating 
layer, thereby preparing an electrode plate for the neg- 
ative electrode. 

The thus obtained oloctrode plates for the positive 
and negative electrodes were placed on a hot plate 
heated to a temperature of 1 fl0°C. A plate made of poly- 
propylene (having the product name of "VISCOL 550P' 
manufactured by SANYO KASEI KOGYO CO. LTD.) 
and having a rectangular parallelepiped shape with di- 
mensions of 10 cm X 20 om X 3 cm was gently placed 
on the active material layer of the electrode plate. Then, 
they were pressed to each other at a pressing force of 
5 kgf/cm 2 for three seconds to impregnate the active 
material layer with ihe polypropylene. Then, tho hot 
plate was removed, to solidify the polypropylene in the 
impregnaled portion of the coaling layer The solidified 
polypi Opylene was easily peeled from the collector with 
the portion of Hie active material layer being stuck to the 
polypropylene plate, which has boon impregnated with 
the polypropylene, by romoving the polypropylene plate 
from tho electrode plate. The collector had a non-coaled 
portion on the basis of Ihe prescribed pattern, which had 
a sharp edge and In which there was no production ol 
powdery flakes of the coaling layer. 

Experiment Example No. 3-2 

Electrode plates for the positive and negative elec- 
trodes were prepared undor the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
However, the active material layer for ihe positive elec- 
trode had a thickness of 120 u. m and the active material 
layer for the negative electrode had a thickness of 160 
u. m. There was carried out tho same vacuum drying step 
a9 in the Experiment Example No. 3-1 . 

The thus obtained electrode plates for the positive 
and negative electrodes were placed on a hoi plate 
heated to a temperature of 1 90°C. A plate made of poly- 



propylene (having the product name of "VISCOL 550P" 
manufactured by SANYO KASEI KOGYO CO. LTD.) 
and having a rectangular parallelepiped shape with di- 
mensions of 10 cm X 20 cm X 3 cm was gently placed 

5 on ihe active material layer of the electrode plate. Then, 
tnay were pressed xo each other at a pressing force of 
5 kgf/cm 2 for three seconds to impregnate the active 
material layer wilh Ihe polypropylene. Then, Ihe hot 
plate was removed, to solidify the polypropylene in the 

io impregnated portion of the coating layer. The solidified 
polypropylene was easily peeled from Ihe collector with 
the portion of the active material layer being stuck to the 
polypropylene plate, which has been impregnated with 
the polypropylene, by removing the polypropylene plate 

« from ihe electrode plate. The collector had a non-coated 
portion on the basis of tho prescribed pattern . which had 
a sharp edge and in which there was no production ol 
powdery flakes ol the coating layer 

20 Experiment Example No. 3-3 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in Ihe Experiment Example No. 3-1. 

£5 The thus obtained electrode plates for tho positive and 
negative electrodes were placed on a hot plate heated 
to a temperature of 190X, A plate made or polypropyl- 
ene (having the product name ol "VISCOL 550P" man- 
ufactured by SANYO KASEI KOGYO CO. LTD.) and 

<30 having a rectangular parallelepiped shape wilh dimen- 
sions of 10 cm X 20 cm X 3 cm was gently placed on 
the active material layer of the electrode plate. Then, 
they were pressed to each other at a pressing force of 
5 kgl/cm 2 for three seconds to impregnate ihe active 
material layer with the polypropylene. Then, the hat 
plate was Temovcd, to solidify the polypropylene in Ihe 
impregnaled portion of the coaling layer. The solidified 
polypropylene was easily peeled from the collector by 
applying tension to the collector to Nil up the polyothyl- 

40 ene, since ft was hard and brittle. The collector had a 
non-coated portion on the basis of the prescribed pat 
tern, which had a sharp edgs and in which there was no 
production of powdery flakes of the coating layer 

45 Fxperimenl Example No. 3-4 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 

so The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
to a temperature of 190°C. A cylindrical block made of 
polypropylene (having the product name of 'VISCOL 
550P* manufactured by SANYO KASEI KOGYO CO. 

$5 LTD ) and having a diameter of 1 cm and a length of 1 0 
cm was gently placed on the active material layer of the 
electrode plate so that the end of the cylindrical block 
was brought into contact with Ihe surface of Lhe active 
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material layer. The cylindrical block was moved along a 
straight line at a velocity of 60 cm/min.. while applying 
a pressure of 5kgf/cm2 to the block. Then the cylindrical 
polypropylene blocK and the hot plate were removed, to 
solidity tho polypropylene in the impregnated portion of 
the coating layer. The solidified polypropylene was eas- 
ily peeled irom the collector by applying tension to the 
collector lo lifl upthe polyethylene, since it was hard and 
brittle. The collector had a non-coated portion on the ba- 
sis of the prescribed pattern, which had a sharp edge 
and In which there was no production of powdery flakes 
of the coating layer. 

Experiment Example No. 3-5 

Elecltodo plates for the positive and negative elec- 
trodes were prepared under tho same applying and dry- 
ing conditions as in ihe Experiment Example No. 3-1 
The thus obtained electrode plates lor the positive and 
negative electrodes were subjected to a pressing treat- 
ment at a pressure of 3,OOOk0f/cm2 b y means of a roll 
press. A plate made of polypropylene (having the prod- 
uct name of "VlSCOL 550P" manufactured by SANYO 
KASEI KOGYOCO LTD. ) and having a rectangular par- 
allelepiped shape with dimensions of 10 cm X 20 cm X 
3 cm was gently placed on The active material layer of 
the electrode plate. Then. 1hcy were pressed to each 
other ai a pressing lorce of 5 kflf/cm* for three seconds 
to impregnate the active material layer with the polypro- 
pylene. Then, the hoi plate was removed, to solidify the 
polypropylene in the Impregnated portion of the coating 
layer. The solidified polypropylene was easily peeled 
from the collector with tho portion ol the actrvo material 
layer being siuck to the polypropylene plate, which has 
been impregnated with the polypropylene, by removing 
the polypropylene plate Irom the electrode plale The 
collector had a non-coaled portion on the basis of ihe 
prescribed pattern, which had a sharp edge and in which 
there was no production ol powdery flakes of the coating 
layer. 

Comparative Examplo No. 3-1 

Electrode plates tor the positive and negative elec- 
trodes were prepared under the 3ame applying and dry- 
ing conditions as in the experiment Example No. 3-1. 
An adhesive tape having a width oMO mm and a length 
of 200 mm was stuck onto each of the thus obtained 
electrode plates lor the positive and negative elec- 
trodes, and then, the adhesive ispe was peeled from 
each of ihe electrode plates to prepare a non-coated 
portion thereon. As a result, much of portions to be re- 
moved of the coating layer were loft non-peeled on the 
collector, and the non-coated portion had a blunt edge 
and in which there wa9 observed the production of pow- 
dery flakes ol the coating layer, 
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Comparative Example No. 3-2 

Eleclrode plates for tho positive and negative etoc- 
Irodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
The coating layer of each of the electrode plates for the 
positive and negative electrodes was scraped off by 
means of a spaiula lo pr ©pare a non-coaied portion hav- 
ing a width ol 1 0 mm and a length of 200 mm. As a resull. 
much of portions to be removed of Ihe coating layer were 
left non-peeled on the collector, and it was hard lo form 
the non-coated portion on the basis ol the prescribed 
pattern. Scratches were observed on the surface of the 
collector. 

Comparative Example No. 3-9 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1 . 
The thus obtained electrode plates lor the positive and 
negative electrodes were kept at a room temperature. 
Then, polypropylene (having the product name of •VIS- 
COL 550P" manufactured by SANYO KASEi KOGYO 
CO. LTD.) which has been heated lo a temperature of 
250° C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 1 0 mm and a length 
of 200 mm by means of a dispenser. Then, Ihe polypro- 
pylane was completely solidified by an air cooling step. 
The applied polypropylene was solidified on the surface 
of the coating layer prior to the permeation thereof 
through the inside the coaling layer. As a result, oven 
when the polypropylene was removed, the portion to be 
removed of ihe coating layer was left non-peeled on the 
surface ol the collector, thus making ft impossible to form 
any non-coaled portion. 

Compaiative Example No 3-4 



40 Electrode plates tor the positive and negative elec- 
trodes were prepared under tho same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
Tho thus obtained electrode plales lor Ihe positive and 
negative electrodes were placed on a hoi plate healed 

45 to a temperature of 70° C. Wax (having the product name 
of "SP-0145- manufactured by NIPPON SEIRO CO. 
LTD.) which has been heated toa temperature of 1 60°C 
to melt it, was applied on these electrode plates In a 
shape of strip having a width of 10 mm and a length ol 

so 200 mm by means of a dispenser Then, the hoi plate 
was removed, lo solidify the wax. Since the wax has a 
low viscosity when the melling ihereof, il spread over in 
the Inside of the coating layer in a direction along a plane 
parallel lo the surface thereof by the capillary phenom- 

55 enon, thus making it impossible to form a sharp pattern. 
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Comparative Example No. 9-5 

Electrode plates for the positive and negative elec- 
trodes were prepared under me same applying and dry- 
ing conditions* as in the Experiment Example No. 3-1 
However, the active material layer lor the positive elec- 
trode had a thickness ol 1 20 \x m and the active material 
layer tor the negative electrode had a thickness of 160 
p m. There was carried out the same vacuum drying step 
as in the Experiment Example No. 3-1 . The thus ob- 
tained electrode plates lor the positive and negative 
electrodes were placed on a hot plate heated to a tem- 
perature of 190°C. Then, polypropylene (having the 
product name of "VISCOL 550P" manufactured by SAN- 
YO KASEI KOGYO CO. LTD.) which has been healed 
to a temperature of 25CTC to melt it, was applied on 
these electrode platos in a shape of strip having a width 
of 10 mm and a length of 200 mm by means of a dis- 
penser, They were Ie1t lor 30 minutes as they were. 
Then, the hoi plate was removed from the electrode 
plate, and the polypropylene was completely solidified 
by an air cooling slep. The applied polypropylene was 
solidified on the surface of the coaling layer prior to the 
permeation thereof through the inside the coaling layer. 
As a result, even when the polypropylene was removed, 
the portion to be removed ot the coaling layer was left 
non-peeled on the surface of die collector, thus making 
n impossible lo form any satisfactory non-coated por- 
tion. 

[Present Invention in Fourth Group] 

Experiment Example No. 4-1 

(1) Electrode Plate (or Positive Electrode 

LiCo0 2 powdei of B9 wt. parts as active material for 
the posllivo electrode, having a particle size of Irom 1 lo 
100 ix m and an average particle size ot 1 0 u. m, graphite 
powder of B wt. parts as a conductive agent were added 
to poiyvlnyitdano fluoride varnish of 33 wt. parte as a 
binder (having ihe product name of "KF#i 1 00", 1 2% N- 
methyl-2-pyrrolidone solution manufactured by KURE- 
H A CHEMICAL INDUSTRY, CO. LTD.). These materials 
were stirred and mixed by means Of a planetary mixer 
(manufactured by KODAIRA SEISAKUSHO CO. LTD.) 
tor a period of lime of 30 minutes, to prepare a coating 
composition in a form of slurry for the positive electrode. 

With Ihe use of the thus prepared coating composi- 
tion for the pos itive electrode, the coating step was car- 
ried out on a collector as a substrate made of an alumi- 
num foil having a thickness of 20 u. m and a width of 
300mm by means of a die coater Then, a drying step 
was carried out by passing the substrate applied with 
the coating composition through a drying oven having a 
length of a m (having a plurality of different temperature 
7ones of B0°C, 100°C, 1 30°C and 140°C) at a traveling 
velocity ol 4 m/min, to form a coating layer on the sub- 



4 521 A2 62 

strate made of the aluminum foil, which had a thickness 
ol 90 (j m in a drying state. Further, the resultant coating 
layer including the active material 1or the positive elec- 
trode was subjected to an aging treatment m a vacuum 
s oven at a temperature ol 60°C tor 48 hours to remove 
moisture in the coating layer, thereby preparing an elec- 
trode plate for the positive electrode. 

(2) Electrode Plate for Negative Electrode 

to 

Graphite powder ot 05 wt. parts as active material 
for the negative electrode, polyvinylidene fluoride var- 
nish of 125 wt. parts as a binder (having the product 
name of ■KFtfUOO". 12% N-methyl-2-pyrrolidone solu- 

15 tion manufactured by KURSHA CHEMICAL INDUS- 
TRY, CO. LTD.)and N-mcthyl-2-pyrrolidone were stlrrod 
and mixed, as in the above-described production of the 
positive electrode, by means of a planetary mixer (man- 
ufactured by KODAIRA SEISAKUSHO CO. LTD.) for a 

20 period of time ot 30 minutes, to prepare a coating com- 
position in a form of slurry for the negative electrode. 

With the use of the thus prepared coating composi- 
tion for the negative electrode, the coating step was car- 
ried out on a collector as a substrate made of a rolled 

ss copper foil having a thickness of 15 u m and a width of 
300mm by means of a die coater. Then, a drying step 
was carried out by passing ihe substrate applied with 
the coating composition through a drying oven having a 
length of 8 m (having a plurality of dillerent temperature 

so zones of fi0 fl C, 100 P C, 130 S C and 140° C) at a traveling 
velocity of 2 m/min, to form a coating layer on the sub- 
strate made of the aluminum toil, which had a thickness 
of 1 35 n m in a drying state Further, the resultant coat- 
ing layer including the active maieriai lor the negative 

9$ electrode was subjected to an aging treatment in a vac- 
uum oven al a temperature of 80* C for 48 hours lo re- 
move moisture in the coating layei, thereby preparing 
an electrode plate for the negative electrode. 

40 (3) Formation of Pattern 

The thus obtained electrodo plates for the positive 
and negative electrodes were placed on a hoi plate 
heated lo a lemporature of iQD'C. Polypropylene wax 

4& (having ihe product name of "VlSCOL 550P" manufac- 
tured by SANYO KASEI KOGYO CO. LTD.) which has 
been heated to a temperature of 250*C to melt it, was 
applied on these electrode plates in a shape of strip hav- 
ing a width or 100 mm, a length ot 200 mm and a thick- 

50 ness of 0.6 mm by means of a hot-molting gun. Then, a 
polyester mesh sheet (having tho product name of 
"TNOroS" manufactured by NIPPON TOKUSHU ORI- 
IvtONO CO. LTD; mesh size : 70 mesh, a fiber diameter ; 
71 u. m) was brought inlo contact with the surface of the 

ss applied molten wax, while applying tension to the mesh 
sheet, to cause the wax to permeate almost uniformly 
through the mesh sheet Then the hot plate was re- 
moved to solidify the wax. 
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The solidified wax wa9 supported in the mesh 3heet 
without the production of large cracks on the wax. The 
solidified wax was easily peeled together with the por- 
tion ot the coating layer, through which the wax has been 
permeated, on the basis ot the prescribed pattern, by 
removing the mesh sheet from the electrode plate The 
thus peeled wax and the wax impregnated-portion of the 
coaling layer weie stuck on the mesh sheet, Keeping the 
prescribed pattern formed on the mesh sheet. The col- 
lector had a non-coated portion on the basis of the pre- 
scribed pattern, which had a sharp edge and in which 
there was no production of powdery flakes of the coating 
layer. 

Experiment Example No. 4-2 

Electrode platftfl for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positrvo and negative electrodes were 
placed on a hot piale heated to a temperature of 1 90°C 
A plate made of polypropylene wax (having the product 
name ol "VISCOL 550P" manufactured by SANYO KA- 
SEI KOGYO CO. LTD.) and having a rectangular parai- 
lalepiped shape with dimensions ot 10 cm X 20 cm X 3 
cm was gently placed on the active material layer ol the 
electrode piale. Then, they were pressed to each other 
at a pressing iforce of 5 kgf/cm 2 for three seconds. Then, 
the polypropylene plate was removed, and a polyester 
mesh sheet (having the product name of TNO70S" 
manufactured by NIPPON TOKUSHU ORIMONO CO. 
LTD; mesh size: 70 mesh, a fiber diameter . 71 \x m) 
was brought into contact with the surface of the applied 
molten wax existing on the coating layer for the elec- 
trode plate, while applying tension to the mesh sheet, to 
cause the wax to permeate almost uniformly through the 
mesh sheet. Then the hot plate was removed to solWily 
ihe wax. 

The solidified wax was supported in Ihe mesh sheet 
whhout the production of largo cracks on the wax. The 
solidified wax was easily paoied together with the por- 
tion of the coaling layer, through which the wax has been 
permeated, on the basis of the prescribed pattern, by 
removnn the mesh sheet from Ihe electrode plate The 
thus peeled wax and ihe wax impregnated - portion of 
the coating layer were stuck on the mesh sheet, keeping 
the prescribed pattern formed on the mesh sheet. The 
collector had a non-coated portion on the basis of the 
prescribed pattern, which had a sharp edge and in which 
there was no production of powdery flakes of the coating 
layer. 

Experiment Example No 4-3 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 



placed on a hot plate heated to a temperature of 190*0. 
Polypropylene wax (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD ) which has been heated to a temperature ol 
5 250° C to melt it, was applied on these electrode plates 
in a shape ot strip having a width of 100 mm, a length 
ol 200 mm and a thickness of 0.6 mm by means of a 
hoi-melting gun. Then, a stainless steel mesh sheet 
having the mesh size of BO mesh and a fiber diameter 
70 of 54 u. m was brought into contact with the surface ot 
the applied molten wax, while applying tension to the 
mesh sheet, to cause the wax to permeate almost uni- 
formly through ihe mesh sheei. Then the hot plate was 
removed to solidify tho wax. 
75 The solidified wax was supported in the mesh sheet 
without Ihe production of large cracks on tho wax. The 
solidified wax was easily peeled together with the por- 
tion of the coating layer, through which the wax has been 
permeated, on the basis ol the prescribed pattern, by 
20 removing the mesh sheet from the electrode plate The 
thus peeled wax and the wax impregnated - portion of 
the coating layer wore stuck on the mesh sheet, keeping 
the prescribed pattern formed on the mesh sheet. The 
collector had a non-coated portion on the basis of the 
2S prescribed pattern, which had a sharp edge and in which 
there was no production of powdery flakes of the coating 
layer. 
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Experiment Example No. 4-4 



Electrode plates for the positive and negative elec- 
trodes were prepared a3 in the same manner as the Ex-, 
penment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
3s placed on a hot plate heated to a temperature of 1 90"C. 
Polypropylene wax (having Ihe product name ol "VIS- 
COL 550P- manulactuied by SANYO KASEI KOGYO 
CO. LTD ) which has been heated to a temperature of 
250° C 10 melt it, was applied on these electrode plates 
40 in a shape ot strip having a width of 100 mm. a length 
ol 200 mm and a thickness of 0.6 mm by moans of a 
hot-melting gun. Then, a non-woven labric cloth (having 
the product name of "KH.3002K" manufactured by JA- 
PAN VtLENE CO. LTD.) was brought into contact with 
45 the surface of the applied molten wax. while applying 
tension to the non-woven fabric cloth, to cause the wax 
to permeate almost uniformly through the non-woven 
fabric cloth. Then, the hot plate was removed to solidify 
the wax. 

so The solidified wax was supponed in the mesh sheet 
without the production of large cracks on tho wax. The 
solidified wax was easily peeled togethor with the por- 
tion of the coaling layer, through which the wax has been 
permeated, on the basis ot the prescribed pattern, by 

ss removing the mesh sheet from ihe electrode plate The 
thus peeled wax and the wax impregnated - portion of 
the coating layer were stuck on the mesh she el, keeping 
the prescribed pattern formed on the mesh sheet. The 
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collector had a non-coaled portion on the basis of ihe 
prescribed partem, which had a sharp edge and in which 
Ihere was no p reduction of powdery flakes of the coaling 
layer 

Experiment Example No 4-5 

Electrode plates for Ihe posilivo and negative elec- 
trodes wore prepared us in the same manner as the Ex- 
periment Example No, 4-1 . The thus obtained electrode 
plates tor the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product namo of "VIS 
COL 550P* manufactured by SANYO KASEI KOGYO 
CO LTD.) which has been heated to a tomperature of 
250°C to melt it, was applied on these electrode plates 
in a shape Of Strip having a width of tOO mm, a length 
of 200 mm and a thickness of O 6 mm by means of a 
hot-melting gun. Then, they were cooled to a tempera- 
ture of 100°C to solidify the polypropylene wax. Then, 
a stainless steal mesh sheet having the mesh size of SO 
mesh and a fiber diameter ol 54 u m was brought into 
contact with the surface of the applied wax, while apply- 
ing tension to the mesh sheet. A heating plate which has 
been healed to a temperature of 190°C was gently 
placed on the mesn sheet for three seconds to re me ft a 
portion of the wax, which was in contact with the mesh 
sheet so that the mesh sheet was embedded into the 
wax. Finally, the remetted wax was cooled to solidify. 

The solidified wbx was supported in the mesh 
sheet. The solidified wax was easily peeled together 
with the portion of the coating layer, through which the 
wax has been permeated on the basis o1 the prescribed 
pattern, by removing the mesh sheel Irom the electrode 
plate The thus peeled wax and the wax impregnated 
-portion of the coaling layei were stuck on Ihe mesh 
sheBt. keeping Ihe pi escribed pattern lormed on the 
mesh sheet. Trie collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edqe and in which There was no production of powdery 
flakes of the coating layor. 

experiment Example No 4-6 

Electrode plates for the positive and negative elec- 
trodes wore prepared as in the same manner as the Fx- 
periment Example No. 4-1 . The thus obtained electrode 
plates for Ihe positive and negative electrodes were 
placed on a hot plate heated to a temporaiure of 190°C. 
Polypropylene wax (having the produci name of •VIS- 
COL 550P' manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape ol strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot -melting gun. Then, they were cooled to a tempera- 
ture of 100'C to solidify the polypropylene wax. Then, 
a stainless steel mesh sheet having the mesh size of 80 
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mesh and a fiber diameter of 54 u m, which has previ- 
ously been heated to a temperature ol 190*0 was 
brought into contact with the surface of the applied wax, 
while applying tension to the mesh sheet, to remeit a 

a portion ol the wax. which was in contact with the mesh 
sheet so that the mesh sheet was embedded into the 
wax. Finally, the remeited wax was cooled lo soJidify. 

The solidilied wax was supported In Ihe mesh 
sheet. The solidified wax was easily peeled together 

10 with the portion of ihe coating layer, through which the 
wax has been permeated, on the basis of the prescribed 
pattern, by removing the mesh sheet from the electrode 
plate The thus peeled wax and tho wax impregnated 
-portion of the coating layer were stuck on the mesh 

is sheet, keeping the prescribed pattern formed on the 
mesh sheet. The collector had a non-coated portton on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

20 

Experiment Example No. 4-7 

Electrode plates tor the positive and negative elec- 
trodes were prepared as in Ihe same manner as the Ex- 

25 periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on » hot plaie heated to a temperature or 1 90°C. 
Polypropylene wax (having the product name of "VlS- 
COL 550P" manufactured by SANYO KASEI KOGYO 

30 CO. LTD.) which has been heated to a temperature ol 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a wcith ot 100 mm, a length 
of 200 mm and a thickness ol 0.6 mm by means of a 
hot-meitlng gun. Then, a polyester mesh sheet (having 

a* the product name ot TNO40T manufactured by NIP- 
PON TOKUSMU ORIMONO CO. LTD; mesh sure . 40 
mesh, a fiber diameter . 200 u. m) was brought into con- 
tact with Ihe surface of the applied molten wax existing 
on the coating layer for the eleolrode plato, while apply - 

<*o ing tension to tho mean sheet, to cause the wax to per- 
meate almost uniformly through ihe mosh eheot Then 
the hot plato was removed lo solidify the wax. 

Tho solidified wax was supported in the mesh sheet 
without the production of large cracks On the wax. Al- 

4S though a small piece of the coating layer, impregnated 
with the wax was left non-peeled on the surface of the 
collector when the mesh sheet was removed from the 
electrode plate* such a small piece was easily peeled 
by a spatula There was no existence of marks of cracks 

so on the exposed surface of the collector. 

Experiment Example No. 4-6 

Electrode plates tor the positive and negative elec- 
ts nodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates lor the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
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Polypropylene wax (having the product name ol "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
260° C to malt ft, was applied on these electrode plates 
In a shape ol strip having a width ol 100 mm, a length 
of 200 mm and a thickness ot 0.6 mm toy means ol a 
hot-melting gun. Then, a polyester mesh sheet (having 
the product name of "TNO390T" manufactured by NIP- 
PON TOKUSHU ORIMONO CO. LTD; mesh size :390 
mesh, a fiber diameter :34 pm, porosity : 23%) was 
brought into contact with the surface of the applied mol- 
ten wax existing on the coating layer for the electrode 
plate, whilo applying tension to the mesh sheol, to cause 
the wax to permeate almost uniformly through the mesh 
sheet. Then the hot plate was removed to solidity the 
wax. 

The solidified wax was supported In the mesh sheet 
without the produclion of largo cracks on the wax. The 
solidified wax was easily peeled together with the por- 
tion of the coating fay or, through which the wax has been 
permeated, on the basis o! the prescribed pattern, by 
removing the mesh sheet from the electrode plate. 
There was no existence ol marks of cracks on the ex- 
posed surface of the collector. However, ten -odd sec- 
onds were required lor disappearance of bubbles be- 
tween the mesh sheet and the coating layer, and there 
was observed the spreading of the molten wax in a small 
amount over the boundary between the mesh sheet and 
the coating layer, leading to a blunl edge portion at a 
restricted area of the coating layer. 

Experiment Example No. 4-9 

Electrode plates for the posiiive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1. The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C 
Poly propy lone wax (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been hcatod to a temperature of 
250°C to melt it. was applied on these electrode plates 
in a shape ol Strip having a width of 100 mm, a length 
ol 200 mm sind a thickness of 0.6 mm by means of a 
hot-melling giun Then, a non-woven fabric doth (having 
the product name of "FC-406" manufactured by JAPAN 
VILENE CO. LTD., having a thickness of 420 u. m) was 
brought into isontacl with the surface of the applied mol- 
ten wax existing on the coating layer for the electrode 
plate, while applying tension lo the non-woven fabric 
cloth, lo cause the wax to permeate almost uniformly 
through the non-woven fabnc cloth. Then the hot plate 
was removod to solidify the wax. 

The solidified wax was supported in the non-woven 
fabric cloth without the production ol large cracks on the 
wax. Although a small piece of the coating layer, impreg- 
nated with the wax was left non -peeled on the surface 
of the collector due lo a relatively small amount of wax 



permeating through the coating layer, when lh9 mesh 
sheet was removed, from the electrode plate, such a 
small piece was easily peeled by a spatula. There was 
no existence of marks of cracks on the exposed surface 
s of ihe coltecior. 

Comparative Example No. 4-t 

Electrode plates for the positive and negative oloc- 
10 trades were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . An adhesive tape having a 
width Of 10 mm and a length ol 200 mm was stuck onto 
each of the thus obtained electrode plates for tho posi- 
tive and negative electrodes, and then, the adhesive 
i5 tape was peeled from each of the electrode plates to 
prepare a non-coated portion ihereon. As a result, much 
of portions to be removed of the coaling layer were left 
non-peeled on the collector, and the non-coated portion 
had a blunl edge and in which there was observed the 
so production of powdery flakes of the coating layer 



Comparative Example No 4-2 

Electrode piatos for the positive and negative elec- 
ts trodes were prepared as in the same manner a 3 the Ex- 
periment Example No. 4-1 . The coaling layer of each of 
ihe electrode plates for the positive and negative eleo- 
trodes was scraped off by means of a spalula to prepare 
a non-coated portion having a width of 10 mm and a 
30 length of 200 mm. As a result, much of portions to be 
removed of the coating layer were left non-poeled on 
the collector and it was hard lo form the non-coated por- 
tion on the basis of the prescribed pattern. Scratches 
were observed on the surface ol the collector. 

Comparativa Example No. 4-3 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temporalure of 1 90°C. 
Then, polypropylene wax (having the product name of 
-VISCOL 550P" manufactured by SANYO KASEI KO- 

4B QYO CO LTD ) which has been heated loa temperature 
of 250°C to melt it, was applied on these electrode 
plates In a shape ol strip having a width of 10 mm. a 
length of 200 mm and a thickness of 0.6 mm by means 
of a hot-metting gun. Then, the polypropylene wax was 

so cooled to a room temperature by an air cooling step lo 
solidify a. 

There occurred large cracks on the polypropylene 
wax during solidification thereof, leading to the produc- 
tion of numerous pieces of the solid tied wax. After re- 
55 moving these numerous pieces of the solidified wax, 
there was existence of marks of cracks on the exposed 
surface ol the collector. 

As is clear from the foregoing, according to the Ex- 
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poriment Examples Nos. 4-1 through 4-6, very excellent 
results were provided. According to the Experiment Ex- 
amples islos, 4 -7 through 4-9, there were provided slight* 
ly poorer results than those In the Experiment Examples 
Nos 4-1 through 4-6. Reasons therefor were presumed 
that factors of the porous sheet, such as porosity, mesh 
number, adiamotor or the fiber and a thickness were not 
controlled In optimum conditions. 

On the contrary, according to the Comparative Ex- 
amples Nos. 4-1 through 4-3. any favorable results were 
not obtained Especially, in the Comparative Example 
No. 4-3, even when the coating layer ol the electrode 
plate was impregnated with polypropylene wax, thero 
was observed marks of cracks ol the wax on the ex- 
posed surface of the collector, due to no use ol the po- 
rous sheet. 

According to the present invention in the Tirst group, 
it is possible to keep the thickness of the coaling layer 
uniform and ic keep a prescribed pattern sharp. 

According to the present invention in the second 
group, it is possible to precisely form an active material 
layer on a collector on the basis of the prescribed pattern 
by heat -pressing a peeling sheet which is obtained by 
impregnating a porous sheet with thermoplastic resin, 
to the collector with the active material. 

According to the present Invention in the third 
group, it is possible to form precisely and easily form a 
non'coated portion of an active material layer on a sur- 
face of the collector on ihe basis of the prescribed pat- 
tern without the production ol powdery flakes ol the ac- 
tive material layer, in the light ol the technical concept 
that, when a molten thermoplastic resin (plastic or wax) 
is permeated through fine numorous cavities existing in 
the active material layer, and then cooled, Ihe thermo- 
plastic resin solidifies to surround me active material lay- 
er, with the result that a region of the active material tayei 
Impregnated with the Iherrnoplaslic resin can easily be 
separated from Ihe other non-imprognated region of the 
active material layer 

According to the present invention In Ihe third 
group, it is possiblo to form efficiently a non-coated por* 
tion ol an active material layer on the basis of the pre- 
scribed pattern for a short poriod of time, since the pal- 
tern forming in Ihe non-coated portion thereof can be 
performed by bonding a part of Ihe coating layer formed 
on a substrale or a collector with a porous sheet in an 
integral state by liquid material (i.e. , solidlflable male rial) 
having a larger cohesion after solidification thereof than 
that of the coating layer, and then peeling the porous 
sheat from ihe substrate or the collector on which the 
coaling layer is formed. According to such a process, it 
is possible to form the excellent pattern In measurement 
accuracy without the production of powdery flakes of the 
coating layer on the edge of the non-peeled portion of 
the coating layer, since no mechanical means is re- 
quired. The utilization of this pattern forming process 
permits the production of an electrode plate having a 
prescribed pattern for a secondary battery with a non- 
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aqueous electrolyte, which is excellent In measurement 
accuracy and reliability, has no mark ol cracks on the 
substrate or. the collector, and causes no production of 
powdery flakes ot the coating layer on the edge of the 

s non-peeled portion formed on the basis of the pro- 
scribed pattern. The use of a repeatable material in melt- 
ing and solidification actions as Ihe liquid material per- 
mits modification of the essential slops of the process 
of the present invention in various ways, and as a result, 

10 the process of the present Invention is applicable not 
only a continuous production line, bul also a non-con- 
tinuous production line. 

15 Claims 

1 . A process tor p reducing a porous coating layer hav- 
ing a prescribed pattern, which comprises the steps 
of: 

20 

impregnating a porous coating layer formed on 
a substrate with liquid material having a larger 
cohesion after solidification thereof than that of 
said coating layer based on a proscribed pat- 
25 torn; 

solidifying said liquid material to form a solidi- 
fied material; and 

peeling a portion of said coating layer, which 
has been impregnated with said solidified ma- 
so terial, to expose partially a surface of said sub- 

strate based on said prescribed pattern. 

2. A process as claimed in Claim 1, wherein: 

said liquid material comprises material which 
os is solid at a room temperature, and can be liquefied 
by heal. 

3. A process as claimed in Claim 2, wherein: 

said malerial which can be liquefied by heat 
40 comprises at least one of thermoplastic resin, or- 
ganic or inorganic wax and a low melting point -mot 
al. 

4. A process as claimed in Claim 2. whoroin: 

45 said malarial which can be liquefied by heal 

has viscosity of from 10 to 50,000 cPwhon ihe melt- 
ing thereof 

5. A process as claimed in Claim 2, wherein: 

so said matoriai which can be liquefied by heat 

has a melting point of from 20°C lo 250°C. 

6. A process as claimed in Claim 2. wherein: 

said material which can be liquefied by heal 
55 comprises at least one of polyethylene, polypropyl- 
ene, low molecular weight polyethylene, low molec- 
ular weight polypropylene, wax and derivative 
thereof. 
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7. A process as claimed in Claim 1 , wherein: 

6aid liquid material comprises material which 
can be solidified by chemical reaction. 

B. A process as claimed In Claim 7, wherein: 

said liquid malarial comprises at least one of 
polymerization material and cross-linking material. 

9, A process as claimed in Claim 1 . wherein: 

said substrate 16 a collector for a lithium bat- 
tery. 

10, A process a© claimed in Claim 1 , whoroin: 

said porous coating layer Is a coaling layer 
comprising active material and a binder. 

11 , A process as claimed In Claim 1 . wherein: 

a stop of bringing a porous sheet into contact 
with a surface ol said coating layer to cause a 
part of said liquid material existing in said coal- 
ing layer and/or existing on the surface thereof 
to migrate into said porous sheet is carried out 
between saW stop of impregnating t ho coaling 
layer with ihc liquid material based on the pre- 
scribed pattern and said step of solidiiying the 
liquid material; 

said step of solidifying the liquid material com- 
prises integrally solidifying lha liquid material 
remaining in said coaling layer and the liquid 
material caused to migrate into said porous 
sheet; and 

said stop of peeling the portion ol ine coating 
layer comprises peeling the portion of the coal- 
ing layer, wnich has been Impregnated with tne 
liquid material together wilh said poiOUS sheet, 
to expose partially the surface ol the substrate 
based on the prescribed pattern. 

12. A process as claimed in Claim 11, wherein: 

the portion of the coating layer, which has 
been impregnated with the liquid material is peeled 
together with said porous sheet by peeling the po- 
rous sheat from the substrate while imparting ten- 
sion lo said porous sheel not so as to be loosened, 
in said step ol partially exposing the surface of Ihe 
substrate based on the prescribed pattern. 

13. A process as claimed In Claim 11. wherein: 

said liquid material comprises material which 
Is solid at a room temperature, and can be liquefied 
by heat 

1 4. A process 1 or producing an electrode plate for a sec- 
ondary battery with a nonaqueous electrolyte, 
which comprises the steps of. 

applying an elecirode forming composition 



comprising active material and a binder on a 
collector, and drying same to form an active ma- 
terial layer on the collector, 
impregnating said active material layer with Hq- 
& uid material having a larger cohesion after so- 

lidilication thereof man ihat of said active ma- 
lerial based on a prescribed pattern, 
solidiiying said liquid material to lurm a solidi- 
fied material: and 
io peeling a portion of said active material layer, 

which has been impregnated with said solidi- 
fied material, to expose partially a surface of 
said collector based on said prescribed pattern. 

is 15. A process as claimed in Claim 14, wherein; 

said liquid material comprises material which 
is solid at a room temperature, and can be liquefied 
by heat 

20 16. A process as claimed in Claim 15. wherein: 

said material which can be liquefied by heal 
comprises at least one of thermoplasiic resin, or- 
ganic or inorganic wax and a low melting point-met- 
al. 
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17. A process as claimed in Claim 15, wherein: 

said material which can be liquefied by heat 
has viscosity of from 1 0 to 50.000 cP when the melt- 
ing thereol. 

18. A process as claimed in Claim 15, wherein: 

said material which can be liquefied by heat 
has a melting point of from 20°C to 250 D C. 



19. a process us claimed in Claim 15. wheroin: 

said material which can be Jlquelted by heat 
comprises at least one ol polyethylene, polypropyl- 
ene, low molecular weighl porycthylene. low molec- 
ular weighl polyp ropy I one, wax and derivative 
*o thereof. 

20. A process as claimed in Claim 14. wheroin. 

said liquid material comprises material which 
can be solidified by chemical reaction. 
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21. A process as claimed in Claim 20, wherein 

said liquid material comprises at least one of 
polymerization material and cross-linking malcnal. 

22. A process as claimed m Claim 14, wherein: 

said substrate is a collector for a lithium bat- 
tery. 

23. A process as claimed in Claim 22, wherein: 

said binder comprises fluororeeln. 

24. A process as claimed in Claim 14, wherein: 
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said liquid materia! comprises thermoplastic 
resin; 

said step of impregnating the aotive matenai 
layer with the liquid material comprises impreg- 
nating a ponion ol the active material layer to 
bo removed wiih the thermoplastic resin by the 
use of heat; 

said step of solidifying the liquid material com- 
prises cooling said thermoplastic resin; and 
said step of peeling the active material layer 
comprises removing said thermoplaslio resin 
together with the portion of the aolrve material 
to bo removed, 

25. A process as claimed in Claim 24 , wherein; 

said step of impregnating the portion of the ac- 
tive material layer to he removed with the ther- 
moplastic resin comprises heat-pressing a 
peeling sheet impregnated with said thermo- 
plastic resin onto the portion of the active ma- 
tenal layer to be removed; and 
said step of removing the thermoplastic rosin 
together wilh the portion of the activo material 
layer to be removed comprises peeling said 
peeling sheet from said active material layer to 
remove said portion of the active material layer 
to be removed In a heal-pressing region togeth- 
er with the peeling sheet. 

26. A process as claimed in Claim 25, wherein: 

said thermoplastic resm comprises at least 
one ol polyethylene, polypropylene and derivative 
thereof 

27. A process as claimed in Claim 25, wheiein: 

said peeling sheet comprises a poious sheet. 

28. A process as claimed in Claim 25, wherein: 

said thermoplastic resin has a melting point of 
from l00°Cto260°C. 

29. A process sis claimed in Claim 26, whorein: 

said thermoplastic resin has viscosity ol from 
100 to 50,000 cP when the melting Ihereof. 

30. A process as claimed in Claim 25, wherein: 

said pooling sheet comprises a nonwoven 
fabric cloth. 

31. A process et6 claimed in Claim 25, wherein: 

heating in the heat-pressing of said peeling 
sheet is conducted from a side ol the collector 

32. A process claimed in Claim 24, wherein: 

said siiep of impregnating the portion of the ac- 
tive material layer to be removed with ihe thermo- 
plastic resin comprises healing said active material 
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layer and then bringing a formed body which is 
made of said thermoplastic resin and is solid at a 
room temperature into contact with said portion of 
the active material layer to be removed. 

5 

33. A process as claimed in Claim 33, wherein; 

said formed body made of the thermoplastic 
resin has substantially the same shape as lhal of 
the portion of the active material layer to bo ro- 
10 moved. 

34. A process as claimed in Claim 32, wherein: 

the active material layer is continuously im- 
pregnated with said thermoplastic resin while 
ts pressing said formed body made of tho thermoplas- 
tic resin on the heated surface of the active material 
layer 

35. A process as claimed in Claim 32, wherein: 

2Q said thermoplastic rosin comprises at least 

one of polyethylene, polypropylene and derivative 
thereof. 

36. A process as claimed in Claim 32, wherein: 

25 said thermoplastic resin has a melting point of 

from 20 B C to 250°C 

37. A process as claimed in Claim 32, wherein: 

said thermoplastic resin has viscosity of Irom 
30 1 00 to 50,000 cP when the melting thereof. 

38. A process as claimed in Claim 32, wnerein: 

said heating olthe active material layer is con- 
ducted from a side of the collector. 

39. A process us claimed in Claim 14, wherein: 

a step of bringing a porous sheet Into contact 
wilh the active material layer to cause a part of 
40 said liquid material existing in said active ma- 

terial layer and/or existing on the surface thoro 
of to migrate inlo said porous Sheet is carried 
out between said step of impregnating the ac- 
tivo material layer wilh the liquid material and 
45 said step of solidifying the.liquid material; 

said step of solidifying the liquid material com- 
prises integrally solidifying the liquid material 
remaining in said active material layer and the 
liquid material caused to migrate into said po- 
so rous sheet; and 

said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coating layer, which has been impregnated with 
the liquid material together with said porous 
s$ sheet m the integral solidification condition of 

the liquid material in the active material layer 
and the liquid material in the porous sheet, lo 
expose partially the surface ol the substrate 
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basud on the prescribed pattern 



40. A process as claimed in Claim 39, wherein: 

tht; portion of the coaling layer, which has 
been impregnated with the liquid materiel Is peeled 
together with ©aid porous sheet by peeling the po- 
rous sheet from the coliecloi while imparting ten- 
sion LO ©Bid porous sheal not so as to be loosened, 
in said step of partially exposing the surface of the 
collector based on the prescribed pattern. 

41. A process as claimed in Claim 39, wherein: 

said liquid material comprises material Which 
is solid el a room temperature, and can be liquefied 
by heat. 

42. A pror.osis as claimed in Claim 41, wherein: 

said material which con be liquefied by heat' 
compnses at least one of thermoplastic resin, or- 
ganic or inorganic wax and a low melting point-met- 
al. 

43. A process as claimed in Claim 42, wherein: 

said thermoplastic resin is at least one ther- 
moplastic resin selected from the group consisting 
of ethylene homopolymer, propylene homopolymer, 
ethylene copolymer and propylene copolymer. 

44. A process as claimed in Claim 41 , wherein: 

said material which Is solid at a room temper - 
ature, and can be liquefied by heat has a melting 
point of Irom 20 Q C to 250*C. 

45. A process as claimed in Claim 41 , wherein: 

sard material which is solid at a room temper- 
ature, and can be liquefied by heat has viscosity of 
from 1 0 to 50,000 cP when the melting thereol. 

40. A proces s* as claimed in Claim 1 4, wherein: 

a step of bringing a porous shoot into corned 
with iho active material layer to cause a part of 
said liquid material existing in said active ma- 
terial layer and/or existing on the surface there- 
ol to migrate into said porous sheet is carried 
out between said step of impregnating the ac- 
tive material layer with the liquid material and 
said step ot solidifying the liquid material: 
said iiiep of solidifying the liquid material com- 
prises htcgrally 60lidifying the liquid material 
remaining in said active material layer and the 
liquid material caused to migrate Into said po- 
rous sheet by cooling same; and 
said step ol peeling the portion ol the active ma- 
terial layer comprises peeling the portion of the 
coaling layer, which has been impregnated with 
the liquid material together with said porous 
sheet in the integral solidification condition of 
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the liquid material in the active material layer 
and the liquid material In the porous 3heet to 
expose partially the surface of the collector 
based on the prescribed pattern. 

47. A process as claimed in Claim 14, wherein: 

a step of cooling the liquid material to solidity 
same, a step of bringing a porous sheot into 
contact with the active material layer and a step 
of healing contaot portions of the active mate- 
rial layer and the porous sheet to re melt a part 
of the solidified liquid material so as to cause 
the remell liquid material to migrate into the po- 
rous sheet arc conducted in this order between 
said step ol impregnating the active material 
layer with the liquid material and said step ol 
solidifying the liquid material; and 
said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coating layer, which has been impregnated with 
the liquid material together with said porous 
sheel in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material In the porous sheel, to 
expose partially the surface of the coflector 
based on the prescribed pallem. 

48. A process as claimed in Claim 14, wherein: 

a 6tep of cooling the liquid material to solidify 
same and a step of bringing a heated porous 
sheel into contact with the active material layer 
to romelt a pan ol the solidified liquid material 
so as to cause the remelt liquid material to mi- 
giale into the porous sheel ana conducted in 
this order belwecn said step of tmpiegnating 
the active material layer with the liquid material 
and said step of solidifying the liquid material; 
and 

said step of peeling the portion of tho active ma- 
terial layor comprises peeling the portion of Iho 
coating layer, which has been impregnated with 
the liquid material together with said porous 
Shoot in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the collector 
based on the prescribed pattern. 

49. A process as claimed in Claim 39 , wherein: 

said porous sheet comprises any one of pol- 
yester mesh, metallic mesh, cloth, paper and a non- 
woven fabric Cloth. 

50. An electrode plate tor a secondary battery with a 
nonaqueous electrolyte, produced by carrying out 
a process compnsing the steps of: 
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applying an electiode forming composition 
comprising aclive material and a binder on a 
collector, and drying same to form an active ma- 
terial layer on ihe collector; 
impregnating said active material layer with liq- 
uid material having a larger cohesion after so- 
lidihcation thereof than that of said active ma- 
le Hal based on a prescribed pa Hem: 
solidifying said liquid material to form a solidi- 
fied material; and 

peeling a poriion ol said active material layer, 
which has been impregnated with said solidi- 
fied material, lo expose partially a surface of 
said collector based on said prescribed pattern 

51. An electrode plate for a secondary battery wilh a 
nonaqueous electrolyte, as claim ad in Claim 50, 
wherein- 

said mquid material comprises thermoplastic 
resin; 

said step of impregnating the active material 
layer 'with the liquid material comprises impreg- 
nating a portion of the aclive material layer to 
be removed wilh the thcrmoplaslfc rosin by the 
use of heal; 

said step of solidifying the liquid material com- 
prises! cooling said thermoplastic resin; and 
said &tep o1 peeling the active material layer 
comprises removing said thermoplastic resm 
together with Ihe portion of the active material 
to be removed. 

52. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, as claimed in Claim 51, 
wherein* 

said step of impregnating Ihe portion of the ac- 
tive material layer to be removed with the ther- 
moplastic resin comprises heat-pressing a 
pooling sheet impregnated with said thermo- 
plastic testn onto the portion of the active ma- 
terial layer to be removed, and 
said step of removing the thermoplastic resin 
together with the portion of the aclive material 
layer to be removed comprises peeling said 
peeling sneel from said active material layer to 
remove said portion of the active material layer 
to be removed in a heat-prcssing region togeth- 
er wilh the peeling sheet. 

53. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, as claimed In Claim 51, 
wherein: 

said iatep of impregnating the portion of the ac- 
tive material layer lo be removed with the thermo- 
plastic resin comprises heating said active material 
layer and then bringing a formed body which is 
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made of said thermoplastic refiin and is solid at a 
room temperature into contact with said portion of 
the active material layer to be removed. 

54. An electrode piale for a secondary battery with a 
nonaqueous electrolyte, as claimed in Claim 50. 
wherein: 

a step of bringing a porous sheet into contact 
with the active material layer to ca jse a pan of 
said liquid material existing in said active ma- 
terial layer and/or existing on the surface there- 
of to migrate into said porous sheet is carried 
out between said stop of impregnating the ac- 
tive material layer with the liquid material and 
said step of solidifying the liquid material; 
said step of ftolidi lying the liquid material com- 
prises integrally solidifying The liquid material 
remaining in said active material layer and the 
liquid material caused to migrate Into said po- 
rous sheet; and 

said step ol peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coaling layor which has been impregnated wilh 
the liquid material together whh said porous 
sheet in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the substrate 
based on the prescribed pattern. 

55, A sneet for peeling an active material layer, which 
comprises a porous sheet and thermoplastic rosin 
impregnated in said porous sheet. 
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